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PREFACE. 


>  sr  ,  .  .  jt.  '  1  f.  1 

^nt®&y{HERE  are  fever al  Reafons  which  make 
cf  M  it  neceflary  to  prefent  the  Public  with 
ww  >  t^oe  foxing  E flays  ;  home  of  the  Pirin- 
cipal  here  follow  : 

Firft,  There  has  never  been  a  general  Defer  ip - 
tion  of  the  practical  Ufe  of  Microfcopes ,  and  the 
feveral  Parts  of  their  Apparatus ,  publifloed  in  a 
fmall  Size  \  and  every  Pur  chafer  of  thefe  ufeful  In - 
firuments  can't  be  fuppofed  to  give  themfelves  the 
trouble  of  per ujing  voluminous  Authors  upon  the 
Subjelf. 

Secondly,  Moft  of  the  fmall  Pieces  formerly 
pitblijhed ,  and  given  with  particular  Microfcopes ,  as 
Wilfon’j,  &c.  are  now  out  of  Prints  and  not  to  be 
had. 


Thirdly,  Many  new  Improvements  have  been 
made  in  the  Ufe ,  Conftuliion ,  and  various  Appli¬ 
cation  of  Optical  Inftruments ,  which  it  is  very 
proper  the  Public  f oould  be  informed  of  in  the  moft 
general  Manner  pojftble ,  which  is  by  floor t  and 
pr  attic  al  Differ  tations  and  Defcriptions. 

Fourthly,  I  have  the  common  Reafon ,  viz. 
The  Importunity  of  Friends,  to  add  to  the  a- 
bove  -5  for  as  I  fell  thefe  Inftruments ,  nothing 
is  more  common  than  to  be  afked  for  a  De- 
fcription  of  them  •,  to  fay  there  is  none ,  is  a  Difcou - 
ragement  to  Bufinefs  ;  and  conftantly  produces  this 
Interrogation ,  Why  don’t  you  write  one  ? ,  To 
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fay  the  'Truth,  I  have  given  evqfive  Anfwers 
to  that  Quejtion  'till  I  am  tired 5  and,  at  length 
determined  to  do  it  in  earneft,  and  I  hope  to  general 
Satisfaction,  in  the  prefent  Performance. 

Fifthly,  I  really  found  it  neceffary  for  my  Re¬ 
putation’s  Sake  to  engage  in  the  following  Work ; 
for,  as  many  of  my  Ivjirumenis  differ  in  their  Con - 
fruition  from  the  cuftomary  Sort,  I  found  Gentle¬ 
men  apt  to  accufe  me  of  putting  fucb  into  their  Hands 
as  (they  faid)  would  not  perforin  ;  when  the  only 
Reafon  why  they  did  not  fucceed  was,  their  not  being 
well  acquainted  with  the  Manner  of  ufing  them 
rightly. '  Therefore  it  became  neceffary  io  give  the, 
dear  eft  Ideas  of  the  Nature  and  life  of  fucb  In - 
Jlruments ,  both  by  verbal  Defcription,  and  a  Re- 
prefent ation  by  Copper-plate  Figures,  which  is 
here  done  in  great  Variety . 

Sixthly,  and  laftly,  to  gratify  my  own  Inclina¬ 
tion  (as  an  Author)  in  publifhing  fomething  New, 
was  -part  of  the  Inducement  io  this  Under  takings 
fucb  I  hope  the  Public  will  efteem  the  Nature- 
of  Vision  in  Insects,  /^Catalogue  tf/Mi- 
crofcopic  Objects,  the  ConftruClion  of  an  uni- 
verfaU  Compound  Microscope,  the  Man¬ 
ner  of  converting  a  Re  heeding  Tel  e  scope  into 
a  real  Panopticon,  or  univerfal Perspective  ; 
the  new  Method  of  applying  a  Micrometer, 
with  feme  other  Particulars  tending  to  facilitate 
the  Prablice  of  Optical  Inftruments,  and  the  Study 
of  (the  moft  rational  and  divine  of  all  Sciences,) 
the  Science  of  Optics, 

f  '*  '  '  *  •  ■>  *  .  V  •  ♦  . 
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I.  The  Descri  ptIon  and  Use  of 
Wilson’*  Pocket  Single  Micro¬ 
scope,  and  the  fever al  Parts  cf 
its  Apparatus. 


I.  is  the  Body  or  Form  of 
'PtSPs*  the  Inftrument,  which  confifts 


| W*  F  of*  two  Parts  or  Tubes,  viz. 

[POL  **£&>$.  ABDC,  the  external  Cafe  or 

Tube  cut  open  on  each  Side,  near 
its  whole  Length,  for  the  conve¬ 
nient  placing,  and  Motion  of  the  Sliders  with 
Gbjebts. 

EGHF  the  inner  Tube  with  a  long  Screw  on 
its  Surface,  working  in  the  internal  Screw  of  the 
outer  Tube  at  the  End  CD,  for  the  due  Ad- 
juftment  of  Objedts  to  the  magnifying  Glaffes. 

ABIK  is  that  Part  of  the  external  Tube 
which  contains  a  Spiral  Wire  bearing  (by  its 
Spring)  againft  three  thin  Plates  of  Brafs,  with 
Holes  near  half  an  Inch  wide  in  the  Middle  j 
two  of  thefe  are  plain  or  even,  to  hold  and  com- 
prefs  the  Sliders  with  Objedfs  *,  and  one  is  hol¬ 
low’d  thro’  the  Middle,  in  a  cylindric  Form, 
for  receiving  a  Glafs  Tube  with  Objedts  to  be 
view’d. 

M  is  the  Handle  by  which  the  Microfcope 
may  be  conveniently  applied  to  the*  Eye,  held 
up  to  the  Light,  &c. 

GH  is  the  End  which  holds  an  illuminating 
Glafs,  for  converging  the  Sun  Beams,  or  Can- 
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die  Light,  ftrongly  on  the  Objects  placed  near 
its  Focus.  The  Aperture  of  this  Glafs  is  made 
greater,  or  lefs,  by  two  thin  concave  Pieces  of 
Brafs  with  Holes  of  different  Sizes  fcrew’d  fe- 
parately  on  upon  the  laid  Lens.  But  often 
times  Objects  appear  belt  in  the  common  Light, 
and  then  this  Glafs  is  taken  out,  and  laid  by. 

AB  is  the  End  into  which  the  feveral  Magni¬ 
fiers  are  fcrew’d  to  fhew  the  Objects. 

Fig.  II.  reprefents  one  of  the  magnifying 
Glaffes. 

AB  is  the  circular  Piece  of  Brafs,  and  C  the 
Center,  in  which  each  Lens  is  placed  between 
two  thin  Caps  of  Brafs,  of  a  Form  proper  to  re¬ 
ceive  and  hold  them  without  Motion.  Thefe 
fmall  Lenfes  or  Magnifiers,  are  Six  in  Number, 
and  mark’d  i,  2,  3,  &c.  on  the  Brafs  Plates 
which  contain  them.  That  which  has  the  fhort- 
eft  focal  Diflance,  or  of  the  leaft  Size,  is  the 
greateft  Magnifier,  and  is  N  0  1  •,  the  leaft  Power 
of  magnifying  is  that  of  N 0  6,  whofe  focal  Di- 
ftance  is  about  One  Inch ,  and  that  of  N 0  1  about 
4o-  or  ^art  of  an  Inch. 

Fig.  III.  is  the  Form  of  the  Ivory  Slider , 
which  has  generally  four  fmall  round  Holes 
deep  enough  to  hold  two  Pieces  of  thin  Talk 
with  fmall  tranfparent  Objects  between  them, 
which  are  kept  together  by  a  Wire  Ring  fitted 
to  the  Holes.  This  Talk  (or  Mufcovy, Glafs) 
is  almoft  as  tranfparent  as  common  Glafs,  and 
admits  of  a  very  clear  and  perfect  View  of  the 
Object.  Of  thefe  Sliders  there  are  Six,  in  the 
larger  Apparatus  *,  but  Gentlemen  may  have 
as  many  as  they  pleafe,  paying  for  all  above  that 
Number.  The  Sliders  with  their  Objedts  are 
put  between  the  two  thin  moveable  Plates  of 

Brafs 
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Brafs  next  the  Spiral  Wire  in  the  Microfcope, 
io  that  the  Hole  of  the  Slider  may  be  entirely 
within  the  Holes  of  thefe  Plates,  and  then  by 
turning  the  Screw,  they  will  eafiiy  be  adjufted 
to  the  Focus  of  the  Lens,  and  the  Object  ap¬ 
pear  diftindf  and  magnified. 

N.  B.  It  will  be  moil  convenient  to  put  in 
the  Slider  with  that  Side  downwards,  or  from 
the  Eye,  where  the  Wires  are. 

Fig.  IV.  is  a  fmall  Ivory  cylindric  Box,  for 
containing  a  rufficient  Quantity  of  the  above - 
mention’d  Pieces  of  Talk,  and  Wires  ;  the 
Talks  are  at  one  End,  and  the  Wires  at  the 
other.  So  that  if  any  chance  to  be  loft  from 
the  Sliders,  they  are  hence  readily  fupplied. 

Fig.  V.  is  a  long  brafs  Cafe  containing  a  Slip 
of  Brafs  with  Holes  in  it  juft  like  the  Ivory  Sli¬ 
der,  but  in  thofe  Holes  are  cemented  fmall  con¬ 
cave  Glades,  into  which  any  fmall  living  Object 
is  placed,  and  a  thin  Slip  of  plain  Glafs  being 
put  over  this  brafs  Slider,  they  are  both  toge¬ 
ther  put  into  the  brafs  Cafe  or  Frame  (which  is 
open  on  each  Side  the  wThole  Length  nearly,) 
and  being  put  into  the  Microfcope  (as  the  Ivory 
Sliders  are)  thofe  living  Qbjedts  are  by  this 
Means  view’d,  and  all  their  Motions,  both  ex¬ 
ternal  and  internal,  are  diftindtly  fhewn  *,  for  be¬ 
ing  confin’d  in  thefe  fmall  Cavities  they  are  fe- 
cure  from  being  crufh’d  to  Death,  nor  can  they 
wander  from  the  Field  of  View. 

Fig.  VI.  is  a  thin  cylindrical  Glafs  Tube,  AB, 
to  receive  any  larger  Sort  of  living  Objedt,  in 
order  more  perfedUy  to  view  their  internal  Parts 
and  Motion  of  their  Fluids,  as  the  Circulation 
of  the  Blood,  &c.  in  the  Tails  of  Fijhes ,  JVater- 
Newts ,  Tadpoles ,  Legs  of  Spiders ,  and  many 
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other  tranfparent  Animals,  which  may  be  con¬ 
veniently  placed  in  fuch  Glafs  Tubes  without 
Hazard  of  their  dying  foon,  becaufe,  tho’  they 
are  confin’d  at  the  open  End  B  by  a  Piece  of 
Cork,  &c.  there  is  a  fmall  Elole  at  the  other 
End  A  always  open  to  give  them  Air.  Nor 
can  the  Water  run  out  at  that  Hole  if  the  End 
B  be  clofe  Hop’d,  which  renders  it  very  conve¬ 
nient  in  viewing  all  Sorts  of  Animalcules  and 
other  Qbjecfts  in  Fluids.  This  is  placed  between 
the  2d  and  3d  moveable  Plates  of  the  Micro- 
fcope,  in  the  Hollow  of  the  latter.  Of  thele 
Tubes,  there  are  three  different  Sizes  in  a  Set 
which  go  with  the  Apparatus :  As  many  more 
may  be  had  as  the  Buyer  pleafes. 

Fig.  VII,  is  a  fmall  Inftrument,  confiding  of 
two  Parts,  viz. 

AB  a  fmall  Pair  of  Tongs  or  Flyers,  which 
has  a  fharp  Point  at  the  End  A,  and  a  little  above 
it  is  tapped  with  a  fine  Thread  or  Screw.  The 
other  End  B  confifts  of  two  fpringy  Cheeks, 
which  open  by  the  Preffure  of  two  brais  Pins  C,  D, 
for  taking  fall  hold  of  any  fmall  Qbjedt. 

EF  is  the  other  Part,  which  is  a  Piece  of  Brafs 
the  Form  and  Size  here  fhewn,  juft  thick  enough 
to  have  a  Hole  made  thro’  it  to  receive  the  round 
Shank  or  Part  AH  of  the  Flyers,  which  is  move- 
able  thro*  it,  or  fix’d  in  any  Part  at  Pieafure  by 
the  Preffure  of  the  Spring  G  in  the  Mid¬ 
dle  Part.  This  Inftrument,  with  that  in  the 
next  Figure,  is  defign’d  principally  for  viewing 
opake  Objects,  which  cannot  be  done  in  the 
Apparatus  hitherto  defcribed. 

Fig.  VIII.  is  compounded  of  the  following 
Parts,  viz. 

AG 
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A  G  a  circular  Piece  of  Brafs  with  a  Male 
Screw  on  the  under  Part  by  which  it  is  fcrewed 
on  to  the  End  A  B  of  the  Microfcope. 

B  F  is  an  arm  or  Piece  of  Brafs,  moveable 
.about  the  Center  of  the  Piece  AG  on  its  upper 
Part  or  Surface. 

E  C  is  another  Part  moveable  about  the  Cen¬ 
ter  in  the  End  F  of  the  former,  by  a  Piece  E  F 
at  right  Angles  to  itfelf. 

D  is  a  Hole  with  a  Screw  cut  in  it,  of  the 
fame  Sort  and  Size  with  that  in  the  End  A  B 
of  the  Microfcope  ;  and  confequently  into  this 
Hole  any  of  the  Magnifyers  AB  (Fig.  2.)  may 
be  fcrewed  as  Occafion  requires. 

Therefore  if  the  Brafs  Plate  EF  (Fig.  7.) 
be  placed  between  the  Plates  in  the  Microfcope 
at  I  K,  with  the  Plyers  in  it  *,  and  then  the 
Part  A  G  (Fig.  8 , )  fcrewed  on  the  End  A  B 
of  the  Microfcope  with  the  Magnifyer  in  the 
Hole  D,  it  may  be  eafily  applied  to  fhew  any 
opake  Objedt  in  the  Plyers  at  either  End  A  or  B 
which  is  brought  to  the  Focus  of  the  Lens  by 
the  Screw  of  the  Microfcope  E  F. 

Fig.  IX.  Is  a  fmall  Part  containing  two 
Glades,  viz.  A,  a  Piece  of  Brafs  with  a  Concave 
Glafs  in  the  Center  to  receive  any  opake  live 
Objedt. 

B  a  circular  Piece  of  Brafs  with  a  plain  Glafs 
in  the  Center ;  this  being  moveable  on  the 
Joint  D,  is  placed  over  the  Objedt  to  confine  it, 
and  then  the  whole  is  fcrewed  on  to  the  End  of  the 
Plyers  (at  A)  by  the  Part  C.  The  Animalcules 
in  Fluids,  and  other  tranfparent  Qbjedts  may 
alfo  be  this  way  viewed  to  greater  Advantage 
than  when  placed  in  the  glazed  Slider  of  Fig  .5. 

Fig. 


Fig.  X.  Is  another  Part  confiding  of  a  round 
Piece  of  Ivory  A,  one  Side  of  which  is  White 
and  the  other  Black,  to  the  Intent  that  Black 
or  Dark  Objects  being  laid  on  the  White  Side, 
and  White  and  Light-coloured  ones  laid  on  the 
Black  Side,  may  be  viewed  to  the  greateft  Ad¬ 
vantage.  For  which  Purpofe  the  Qbjedts  may 
be  fixed  or  confined  on  either  Side  by  two  plain 
fpringy  Pieces  of  Steel  B  and  D  moveable  about 
a  joint ;  and  then  the  Piece  is  fcrewed  on  to 
the  End  of  the  Flyers  A  by  the  Shank  C,  (as 
the  other  was)  to  be  adjufted  to  the  Lens. 

Fig.  XI.  Is  am  Ivory  Box  or  Barrel  contain¬ 
ing  a  Lens  at  A  B  of  about  an  Inch  focal  Did 
tance  which  being  fcrewed  by  the  Part  C  in  the 
Hole  D  (of  Fig.  8.)  will  ferve  to  magnify  any 
larger  Sort  of  Object  in  the  Plyers  placed  in  the 
Microfcope  ;  or  it  may  be  held  in  the  Hand  for 
that  Purpofe  upon  Occafion. 
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II.  ' The  Description  of  a  Single  Micro¬ 
scope  of  a  different  Confer  uFt  ion  with 
Teeth  and  Pinion,  &c. 


PTfiffTMG.  XII.  prefents  a  View  of  the  Body 
y  or  general  Form  of  this  Indrument 
p*  whole  Parts  are  as  follows,  viz. 

r  ABCD  is  the  external  Tube  or 

Cafe. 

G  H  I K  is  the  internal  moveable  one. 

QJV1  is  Part  of  another  Tube  within  the  lad, 
at  one  End  of  which  is  fixed  a  Plate  ofBrafs,  hol¬ 
lowed  in  the  middle  for  receiving  the  Glafs 
Tube,  as  at  Q  it  appears  •,  there  is  alfo  a  move- 

able 
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able  flat  Plate  between  which  and  the  fixed 
End  I  K  of  the  fecondTube  the  Ivory  Sliders 
are  placed. 

L  the  Part  of  the  Microfcope  which  contains 
a  fpringy  fpiral  Wire  keeping  the  Tube  Q^M 
with  its  Plates  always  faft  againft  the  fixed  Part 
I  K  of  the  fecond  Tube. 

E  F  is  the  final!  Rack-work  of  Teeth  and 
Pinion  by  which  the  Tube  I  G  is  carried  s;radu~ 
ally  to  or  from  the  End  A  B,  for  adjufting  the 
Objebls  to  the  Focus  of  different  Lenfes. 

N  O  is  a  Brafs  Slider  with  fix  Lenfes  or  Mag¬ 
nifying  Glaffes,  any  one  of  which  may  be  pla¬ 
ced  before  the  Objefl  inftantly,  by  moving  the 
Slider  one  way  or  the  other  a  very  little  Space ; 
you  know  when  the  Glafs  is  in  the  Center  of 
the  Eye-hole  by  a  fin  all  Spring  falling  into  a 
Notch  in  the  Side  of  the  Slider  made  againft 
each  Glals. 

P  is  the  Handle  by  which  this  Microfcope  is 
held  up  to  the  Light  for  viewing  Objects. 

The  Parts  of  the  Apparatus  in  Fig.  7  and  8 
may  be  here  applied  (with  little  Alteration)  for 
viewing  Opake  Objects ;  and  more  convenient¬ 
ly  than  in  the  foregoing  Form  of  the  Inftrument. 
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III.  A  Description  of  the  Single  Opake 

-Microscope. 


WW0Z-X I  G.  XIII.  is  the  Form  of  the  Inftru- 
p  )§(  ment  when  fitted  for  Ufe. 

^  ^  A  B  E  F  is  the  Body  of  the  Inftru- 

xL'fikMJ*  ment,  in  which EF  is  a  Part  moveable 
on  a  Joint  at  F,  by  Means  of  M3  03  a  Nut 

and 
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and  Screw  upon  a  Joint  at  L,  and  a  fine  Steel 
Spring  below. 

H I  is  a  Pair  of  Flyers  moveable  in  K,  a 
ihort  brafs  Pipe  made  fpringy  at  each  End  to 
grafp  the  Shank  II  N  of  the  Flyers. 

G,  is  the  Joint  on  which  the  Part  K,  with 
it’s  Plyers,  is  moved  to  and  from  the  Inftru- 
ment.  It  has  alfo  another  Motion  vertically 
quite  round,  fo  that  each  End  of  the  Plyers  I  I 
or  I  may  be  turned  upwards  with  the  Object  to 
be  viewed  by  D  a  Lens,  or  final!  Magnify  dr 
contained  in  the  central  Part  of  C  a  concave 
refiefting  Speculum  of  Silver,  which  throws  a 
ftrong  Light  on  the  Objeft  to  be  viewed  when 
brought  into  the  Focus  of  the  Lens. 

P  the  Handle  to  hold  it  properly  to  the 
Light  of  the  Candle  or  Sun-beams. 

Fig.  XIV.  is  a  Contrivance  for  placing  the 
Ivory  Sliders  with  Objects  before  the  Magnifyer 
in  the  Speculum. 

A  B  is  one  of  thofe  Sliders  ;  C,  D,  two  pli¬ 
ant  double  fiat  Steel  Springs,  or  Cheeks,  be¬ 
tween  which  the  Slider  is  placed  and  held  firmly. 

E  the  Shank  or  Part  by  which  it  is  fcrewed  on 
to  the  pointed  End  of  the  Plyers  at  H. 

Fig.  XV.  is  the  like  Apparatus  for  holding  a 
Tube  with  Animals  in  Water,  for  viewing  the 
Circulation  of  the  Blood,  or  any  other  Purpofe. 

AB  is  the  Tube  with  the  Water,  Animalcu¬ 
le,  fdV. 

C,  D,  the  two  Pair  of  pliant  double  Springs, 
of  a  form  proper  for  holding  the  Tube  fad. 

E  the  Part  by  which  it  is  fcrewed  to  the  End 
of  the  Plyers. 

It  is  eafy  to  fee  how  convenient  and  perrecfi  a 
Form  this  is  for  a  fingle  Microfcope  with  relpedt 

to 
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to  magnifying  every  Sort  of  Objedt,  great  of 
fmall,  tranfparent  or  opake. 

IV.  The  Description  of  a  Single  Micro¬ 
scope  on  a  Foot  or  Stand. 

* 

E  fingle  Mitrofcopes  hitherto  dcfcri- 
M  t  ^  bed,  are  all  to  be  held  in  the  Hand, 
M  M  but  they  have  been  contrived  in  many 
different  Forms  on  a  Foot  or  Stand, 
which  on  fome  Occafions  are  very  neceffary  and 
convenient.  I  have  here  given  the  Form  or 
Structure  of  one  which  I  think  preferable  to  any 
I  have  feen. 

Fig.  XVI.  is  the  general  Form  of  the  Inftru- 
ment  in  which  A  B  is  the  Bafis  or  Foot. 

CDI  is  the  Stem,  of  which  the  lower  Part  C  is 
in  the  Form  of  a  Pillar ;  and  the  upper  Part  D  has 
four  plain  Sides. 

E,  F*  are  two  fquare  Sockets  of  Brafs  movea¬ 
ble  up  and  down  together  upon  the  fquare  Part 
of  the  Stem,  being  connected  by  a  common 
Screw  •,  but  this  Motion  is  checked  by  the  con- 
llant  prefiure  of  a  Spring. 

G  is  a  Screw  by  which  the  Part  E  is  fixed  to 
the  Stem. 

H  is  an  adjufiing  Screw,  by  which  the  Part  F 
is  gradually  moved  up  and  down  *,  and  thereby 
KL  the  Stage  on  which  the  Obje&s  are  placed, 
has  MN  the  Slider,  with  its  Obj  edls,  duly  adj  uiled 
to  the  Focus  of  the  Magnifyers. 

L  is  a  Joint  by  which  the  Stage  is  capable  of 
an  horizontal  Motion,  to  fhew  any  Part  of  the 
Object  without  moving  the  Slider. 

C  OP 
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OP  is  a  circular  Piece  of  Brafs  confiding  of 
two  Plates,  between  which  are  placed  fix  fmall 
Lenfes  or  Magnifyers  in  a  Circle  near  the  ex¬ 
treme  Part,  and  is  moveable  on  a  Screw  in  its 
Center,  which  goes  into  IQ,  a  Piece  of  Brafs 
fixed  very  firmly  on  the  Top  of  the  Stem  *,  up¬ 
on  this  is  Q^a  circular  Piece  of  Brafs  fbldered 
on,  with  a  Hole  in  the  Center,  under  which 
the  Circle  of  Glades  below  paffes,  and,  con- 
fequently,  any  one  of  the  Lenfes  being  brought 
to  the  Center  of  this  Hole,  will  be  exactly  over 
the  Center  of  the  Hole  in  the  Stage,  and  fhew 
the  Objects  when  adjufled  to  the  Focus  of  the 
faid  Lens. 

R  is  a  reflecting  Speculum  plain  or  Concave 
to  illuminate  tranfparent  Objects. 

S  a  joint  fixed  in  the  Stem  C,  on  which  it  has 
a  Motion  up  and  down,  there  is  a  Contrivance 
alfo  for  a  motion  towards  each  Side. 

T  is  a  Llole  in  the  Foot,  with  a  Screw  cut  in 
it,  to  fix  it  on  the  Apparatus  of  a  Solar  Micro fcope 
upon  Occafion. 

Fig.  XVII.  is  a  fmall  Brufh  for  cleanfing  the 
Glaffes,  Talks,  &c. 

Fig  XVIII.  is  a  Pair  of  Nippers  for  taking 
up  fmall  Objects,  and  applying  them. 

And  thefe  are  all  the  different  Forms  of  Single 
Microscopes  that  I  think  are  neceffary  to  be 
deferibed.  As  to  the  Aquatic  Microfcope  all  its 
Ufes  are  fully  provided  for  in  this  lad  form 
upon  a  Stand  f Fig.  16.)  Alfo  the  reflecting 
Silver  Speculums  are  adapted  to  it  for  fhewing 
Opake  ObjeCts. 

Fig.  XIX.  is  an  optical  Inftrument  that  may 
be  properly  called  a  Mecalascope  for  the 
Hand  ,  becaufe  it  is  adapted  for  viewing  all  the 

larger 


larger  Sort  of  fmall  Objc&s,  fuch  as  Infects* 
Flowers,  Minerals,  Linen,  tPc.  to  very  great 
Advantage  *,  as  with  three  Glades  only  it  has 
/even  different  magnifying  Powers. 

AB  is  the  Cafe  of  Brafs,  Silver,  &c. 

D,  E,  F,  three  feveral  Lenfes  with  different 
magnifying  Powers,  which  are  all  contained  in 
the  faid  Cafe,  and  turned  out  at  Pleafure. 

H  the  Handle. 

The  three  Glades  ftngly,  afford  three  magni¬ 
fying  Powers  *,  and  by  combining  two  and  two, 
we  make  three  more  ;  for  D  with  E  makes  one, 
D  with  F  another,  and  E  with  F  a  third  •,  which 
with  the  three  fingly,  make  dx  •,  and  laftly,  all 
three  combined  together  make  another,  fo  that 
upon  the  Whole,  there  are  feven  Powers  of  mag¬ 
nifying  with  three  Glades  only. 


V.  A  Description  of  the  Solar  .Micro¬ 
scope,  with  Directions  for  its  Use. 


dngle  Microfcopes  we  view  the  Ob- 
M  i  jefts  largely  magnified  but  in  a 
r  folar  Microfcope  we  form  the  Images 

0f  thofe  Objetds  upon  a  white  Screen 
or  Wall  extremely  large  and  diilmft  in  the 
Manner  following,  viz 

Fig.  XX.  reprefents  the  Body  of  the  Inftru- 
ment,  except  the  fingle  Microfcope,  which  is 
to  be  ferewed  on  to  it,  to  compleat  it. 

AB  is  the  inmoft  moveable  Tube,  to  which, 
upon  the  Screw  at  A,  a  fingle  Microfcope  is  to 
be  applied. 

Ci  CD 
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GD  is  the  external  Tube,  containing  an  illu¬ 
minating  Glais  at  the  End  D,  and  is  fcrewed  in¬ 
to  EF  a  circular  Plate  with  Teeth,  and  movear 
ble  by  I  a  Pinion  with  Teeth  fixed  into  GH  a 
fquare  Plate  which  is  fcrewed  fad:  on  to  the  Win¬ 
dow-Shutter,  when  the  Inftrument  is  uled. 

KL  is  a  long  Frame  (fixed  to  the  circular  Plate 
E  F)  containing  M  a  Looking- glafs  for  reflec¬ 
ting  the  folar  Rays  to  the  Lens  contained  in  the 
Tube  at  D. 

O  is  a  Worm,  or  endlefs  Screw,  which  on  the 
outfide  moves  a  fmall  Wheel,  by  which  the 
Frame  of  the  Refte&or  M  is  moved  up  and 
down. 

Thefe  are  the  feveral  Parts  of  the  Inftrument 
whofe  Ufe  will  be  very  eafy  if  the  following  Di¬ 
rections  are  well  obferved. 

I.  The  fquare  Frame  GPI  is  firfl  to  be  fcrewed 
on  to  the  Window- fhut,  the  Room  being  well 
darkened. 

II.  The  Screen  is  to  be  placed  at  a  proper 
Diftance  ;  the  farther  it  is  from  the  Window,  the 
larger  will  be  the  Image,  any  Diftance  from  fix 
to  fi'xteen  Feet  will  do." 

III.  The  Frame  K  L  with  its  Glafs,  is  to  be 
moved  by  the  Pinion  at  I,  one  way  or  the  other, 
till  the  Beams  of  the  Sun’s  Light  comes  through 
the  Plole  into  the  Room. 

IV.  Then  by  the  Worm  at  O  the  Glafs  mult 
be  raifed  or  depreffed  till  the  folar  Beam  be¬ 
comes  horizontal  or  goes  flrait  acrofs  the  Room 
to  the  Screen,  or  Wall. 

V.  Then  the  Tube  G  D  with  its  Lens  at  D  is 
to  be  fcrewed  into  the  FI  ole  of  the  Circular  Plate 
j£  F ;  this  Glafs  has  a  focal  Diftance  of  8,  9,  or 
$  o  Inches  i  by  which  all  the  Beam  will  be  converg¬ 
ed 
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.ed  to  a  Focus,  and  from  thence,  proceed  di¬ 
verging  to  the  Screen,  or  Sheet  on  the  Wail, 
and  there  make  a  large  Circle  of  Light. 

VI.  The  Tingle  Microfcope  is  then  to  be 
fcrewed  on  to  the  End  AB  of  the  inner  Tube^ 
this  is  moftly  of  the  Form  of  Fig.  12. 

VII.  Then  the  Slider  NO  (Fig.  12.)  is  pla¬ 
ced  with  that  Lens  which  is  about  the  10th  of 
an  Inch  focal  Diftance,  in  the  Center  of  the  Hole 
at  the  End  AB.  This  will  occafion  a  Circle 
of  Light  on  the  Screen  very  much  larger 
than  before. 

VIII.  This  done,  the  Slider  (Fig  3.)  is  placed 
between  the  Plates  at  IK  (Fig  12.)  and  any 
Objeft  placed  againll  the  Imall  Lens  at  Plea- 
fure. 

IX.  By  moving  the  Tube  A  B  in  or  out 
(Fig.  20.)  you  may  place  the  Objeft  in  fuch  a 
Part  of  the  condenfed  Beam  as  fhail  fufficiently 
enlighten  it,  and  yet  not  fcorch  or  burn  it ;  this 
is  generally  about  an  Inch  from  the  Focus. 

X.  It  now  remains  only  to  adjufl  the  Objefl, 
or  bring  it  fo  near  the  manifying  Lens  that  its 
Image  fhail  be  quite  diftinft  and  perfeft  on  the 
Screen  or  Sheet,  which  is  done  by  gently  moving 
the  Pinion  F  (Fig.  12.)  a  little  one  Way  or  the 
other. 

XL  If  the  Obi  eft  be  large,  a  lefs  Magnifying 
Lens  muft  be  ufed ;  and  the  fmalleft  Objefts 
require  the  deepeft  Magnifyer. 

XII.  The  fame  Objeft  may  be  fhewn  by  each 
particular  Lens  applied  to  it,  and  the  Degree  of 
Magnifying  is  known  by  this  Rule,  viz. 

As  the  Diftance  of  the  Object  to  that  of  its  Image 
from  the  Lensy  fo  are  the  Length  and  Breadth  of 
(he  Object  to  thofe  of  the  Image . 


N.B, 
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JV.  B.  In  fome  Cafes,  the  Foot  of  a  Single 
Microfcope  (of  Fig,  16.)  being  fcrew’d  on 
to  the  Solar  Part  by  the  Hole  T,  will  do  belt, 
by  Reafon  the  adjufting  Screw  GH  is  more 
accurate,  than  any  Motion  by  Teeth  and 
Pinion  can  be.  Alfo  Wiljon! s  Microfcope 
(Fig,  i.)  will  do  very  well. ' 


:¥L  T'he  Description  and  Use  of  a 
Compound  Microscope. 

I  G;  XXL  is  the  Form  of  a  Com- 
JM  p  pound  Microfcope  for  the  Pocket. 

;  ^  AQ^  is  the  Body  or  internal  Part 
which  is  moveable  up  and  down  in  CD 
an  external  Cafe  of  Wood,  Brafs,  or  Silver. 

E  one  of  the  three  Pillars  which  fupport 
the  Inftrument. 

F  a  plate  fixed  (horizontally)  to  the  Legs, 
ufually  called  the  Stage, 

G  a  hole  in  the  central  Part,  in  which  Glafs, 
and  other  Parts  of  the  Apparatus  are  placed, 
with  Objeds  to  be  viewed.  ' 

FI  an  illuminating  or  refle&ing  Speculum. 

I  the  Foot  of  the  Inftrument. 

K  is  a  Pipe,  to  which  is  fere  wed 
Qa  Brafs  Button  or  Cafe  to  hold  the  Magnifer. 
In  this  Compound  Microfcope  there  are  ge¬ 
nerally  three  (fometimes  four)  Glaffes  employ’d  to 
produce  the  Effeft,  viz .  ( x )  The  magnifyingLens 
atQwhich  makes  a  large  Image  in  the  upper  Part 
of  the  filial!  Object  below.  (2)  A  large  Lens 
at  B,  called  the  Body  Glafi ,  which  is  the  Caufe 
of  a  larger  Field  of  View.  (3.)  AnEye-Glafs 

at 
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at  A 5  by  which  we  view  the  enlarged  Image  of 
the  Objed:,  in  its  Focus. 


VIL  2 "he  Description  of  a  new  Uni¬ 
versal  Microscope. 


the  Part  AB,  containing  the  Eye- 
I  M  Glaffes  of  the  Compound  Microfcope 
j  ^  in  Fig  2 1,  be  applied  to  the  End  GH  of 
t]ie  fingle  Microfcope  in  Fig.  i.  or  ra¬ 
ther  that  of  Fig.  12.  and  the  other  End  AB  of 
the  faid  Microfcope  be  fcrew’d  upon  the  circu¬ 
lar  Part  Q^of  the  Microfcope  in  Fig.  1 6,  then 
there  will  be  conflituted  a  Compound  Micro¬ 
fcope  of  the  mod:  univerfal  Kind :  For  you  will 
have  by  this  Conftrtidion  (i.)  A  fingle  Micro - 
fcope  of  the  bed;  Sort.  (2.)  A  Compound  Mi¬ 
crofcope  of  a  Pocket  Form.  (3.)  This  being 
added  to  the  Frame  or  Apparatus  of  Fig.  20. 
makes  a  Solar  Microfcope  of  the  very  belt  Sort, 
as  before  defcribed. 

It  has  been  cuflomary  to  make  Compound 
Microfcopes  in' the  Manner  above  directed  ; 
but  there  has  always  been  one  Deficiency  in 
them,  viz.  a  fmall  Field  of  View ;  this  in 
the  above  Conftrudiion  is  remedied,  where  the 
Field  of  View  is  larger  and  more  diftind  to  the 


bounding  Circle,  than  is  ufual  in  Compound 
Microfcopes  of  the  moil  bulky  Sort.  And  in 
this  Article  confift  all  the  Perfection  of  the 
Inflrument,  and  the  Pleafure  of  tiling  it. 

It  may  be  proper  to  hint  to  fuch  as  are  not 
yet  acquainted  vyith  optical  Inftruments,  that 

the 


Microfcope  is  (i.)  That  in  a  Single  Microfcope 
you  fee  the  Objebl  itfelf ;  but  its  Image  only  is 
feen  in  the  Compound  one.  (2.)  In  the  latter 
you  have  a  much  larger  Field  of  View ,  than  in 
the  former.  (3.)  Compound  Microfcopes  are 
more  readily  applied  to  view  Opake  Objects  than 
fingie  ones  can  be.  (4.)  Therefore,  fmce  eafch 
has  its  Excellencies,  the  prudent  Purchafer  will 
naturally  make  choice  of  the  Univerfal  Form  de¬ 
fended  in  this  Article,  as  it  has  all  the  Advan¬ 
tages  of  Microfcopic  Views. 

The  Microscopes  hitherto  deferibed  are  all 
of  the  dioptric  Sort ,  or  whofe  Effects  are  per¬ 
formed  by  Re  fraction ;  there  is  another  Sort  of 
Microscope  by  Reflection,  which  has  many 
Things  to  recommend  it  *,  but  as  that  is  found 
in  the  Reflecting  Felefcope ,  to  the  greatefc  Ad¬ 
vantage,  I  have  given  a  particular  Account  of 
it  in  the  Defcription  of  a  Univerfal  Reflecting 
Perspective. 
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The  Nature  of 


VISION  in  INSECTS 

Demonfirated  by 

Microscopic  Observations, 


F H  E  Nature  and  Manner  of  Vifioni  is 
M  x  ^  the  fame  in  uadrupeds ,  Birds ,  Fijhes, 
^  M  Serpents ,  and  many  Sorts  of  Reptiles , 
as  N  iri  the  Human  Species ,  which  is 
now  fo  very  well  known,  that  fcarce  a  rational 
Doubt  remains  about  it. 

But  the  Cafe  is  far  otherwife  in  regard  to  Vi- 
fion  in  Insects  ;  this  Tribe  of  Animals  is  on 
every  Account  the  moft  fingular;  but  in  no¬ 
thing,  perhaps,  fo  much  different  from  all 
others,  as  in  the  Formation  and  Structure  of 
the  Eye  ^  the  moft  exquifite  Organ  in  the  Ani¬ 
mal  Fabric.  In  other  Creatures  the  Eyes  are 
moveable,  and  being  placed  generally  one  on 
each  Side  the  Head,  two  are  fufficient  for  all 
the  Purpofes  of  Vilion.  But  in  Infedts  the  Eyes 
are  fixed,  and  therefore  two  would  not  ferve 
for  a  diftindt  View  of  Objects  placed  any  where 
but  juft  in  the  Axis  of  each  Eye,  that  is,  dire&ly 
before  them. 

The  Binocular  Syftem  of  Eyes,  therefore,  being 
r\ot  allowed  to  In  [e  bis,  a  Multocular  One  became 

I>  neceffary ; 
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neceffary ;  and  accordingly  we  find  all  thi3 
Clafs  of  Animals  provided  with  numerous  fixed 
Eyes  ^  and  that  two  different  Ways.  For  in 
fome  Species  of  Infedis  we  find  thofe  Eyes  fing- 
ly  placed,  at  a  Diftance  from  each  other  but  fo 
as  to  command  a  View  of  all  Objedts  about  them. 
'Eh is  Difpofition  of  Eyes  is  mofl  remarkable  in 
all  the  Genus  of  Spiders. 

But  the  Multocular  Structure  of  Eyes  in  the 
generality  of  Infedts,  is  of  a  congefted  or  com¬ 
pounded  Nature,  that  is,  they  have  to  the 
naked  Eye  the  Appearance  of  two  Eyes  like 
other  Animals,  but  when  we  come  to  examine 
one  of  thofe  Eyes  by  a  proper  magnifying  Glafs, 
we  prefently  difcover  fuch  a  Form  or  Figure 
of  the  external  Parts  as  immediately  induces  us 
to  conclude  that  this  Eye  is  only  a  Coliedtion  or 
Congeries  of  an  indefinite  Number  of  very  fmall 
fingle  Eyes,  all  put  together,  as  it  were,  in 
One  common  Cafe  or  Socket. 

This  Appearance  of  the  External  Part  or  Cor¬ 
nea  is  ufually  called  the  Lattice-Work  of  a  Fly’s 
Eye,  it  being  obfervable  more  or  lefs  in  the 
Eyes  of  all  forts  of  Flies ,  and  winged  Infedis ; 
and  is  one  of  the  mod  curious  Objedls  of  the 
Microfcope.  This  wonderful  Structure  of  an 
Infedl’s  Eye  is  mofl  obvious,  diftindl  and  per- 
fedl  in  that  Species  called  the  Libella ,  Jdderfpear , 
or  Dragon-Fly ,  of  which  I  have  given  a  large 
magnified  View  in  the  Magazine  of  Arts 
and  Sciences,  to  which  I  refer  the  Reader. 

Before  the  Invention  of  the  Microfcope  we 
could  expedt  nothing  relative  to  the  Mode  of 
Vifion  in  the  Eyes  of  Infedis  j  but  fince  that 
ufeful  Iriftrurrient  has  been  conflantly  applied  to 
view  and  examine  thefe  Eyes,  (as  it  were  a  favo- 
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rite  Subjedt,)  it  is  fomething  wonderful  that  the 
Difcoveries  made  thereby,  and  our  Knowledge 
of  this  Matter  deduced  from  them,  fhould  conti¬ 
nue  fo  very  imperfedt  even  to  this  Day ;  efpe- 
oially  as  the  Eye  of  the  Libella  is  fo  large,  fo 
eafy  to  be  diffedted,  and  affords  the  mod  obvious 
and  diredt  Proof  of  the  Nature  of  Vision  in 
Insects. 

Wot  ton,  Gefner ,  Penny ,  Monfel ,  Aldrovandus , 
and  others  have  wrote  largely  on  the  Subjedt  of 
Infedts,  but  none  of  them  fay  much  of  their 
Eyes,  except  admiring  greatly  their  pearl-like 
Appearance.  Neither  P^edi,  nor  Reaumur  in 
his  voluminous  Account  of  Infedts  gives  any 
Light  into  the  Dodtrine  of  Vifion  in  Infers. 
LiJter  and  Ray ,  leave  this  Matter  as  they  found 
it.  Power’s  Microfcopical  Experiments  are  no¬ 
thing  to  this  Purpofe  j  and  though  he  has  an 
Anatomical Confideration  diredtly  upon  the  Eye, 
yet  he  feems  to  fpeak  of  the  Figure  and  Struc¬ 
ture  of  the  Cornea  of  an  Infedt’s  Eye,  as  if  his 
Glaffes  had  deceived  him,  for  he  ailerts  that  it 
is  full  of  Perforations ,  as  if  it  were  a  Punic  a  Uvea 
pinked  full  of  Holes ,  to  ufe  his  own  Words. 

On  the  other  Hand,  his  contempory  Dr. 
Hooke ,  was  fo  far  from  having  any  Notion  of 
thefe  Foramina  or  Perforations  in  the  Eyes  of 
Infedts,  that  he  looked  upon  them,  and  alwrays 
fpoke  of  them,  as  Clutters  of  pear-like  Protube¬ 
rances,  affirming  thofe  he  examined  in  the  Head 
of  what  he  calls  a  P)rone-Fly  were  really  fmall  He- 
mifpheres  fet  in  Rows  with  little  Trenches  or 
Furrows  between  them.  This  Account  is  quite 
contrary  to  Dr.  Power’s . 

Dr.  Hooke  further  obferves,  that  each  of 
thefe  Pearls ,  or  Hemifpherules,  is  a  perfedf  Eye, 

D  2  with? 
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without  Doubt.  But  his  Method  of  account- 
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log  for  Vifion  infuch  an  Eye  is,  I  believe,  merely 
conjectural  and  wide  of  the  Truth.  For  he 
fays  the  Cornea  of  the  Fly’s  Eye  appeared  to 
have  as  many  Cavities  within-fide  as  there  were 
Hemifphprules  on  its  outer  Surface  and  ranged 
in  the  fame  Order ;  that  each  of  thefe  Cavities 
contained  a  clear  Liquor  ^  and  laftly,  that  at  the 
Diftance  of  a  little  more  than  the  Diameter  of 

j  *  , 

the  Hemifphere  there  is  a  dark  opake  Matter  or 
\ Tunica  which  he  fuppofes  to  be  the  Retina ; 
apd  therefore  concludes  that  Vifion  is  performed 
in  one  of  thefe  frnall  Eyes  of  the  Clufter  after 
the  fame  Manner  as  in  the  Eye  of  a  Man,  ‘viz. 
by  Means  of  Light  refrafted  through  a  convex 
Qornea ,  a  Watery  or  GlaJJy  Humor ,  to  a  Retina 
in  the  Fund  of  each  little  Eye. 

If  this  be  fo  (fays  the  DoCtor)  there  is  in  all 
probability  a  little  PiCjmre  or  Image  of  external 
ObjeCts  painted  on  the  Retina  of  fuch  ITemif- 
pheres  to  which  the  Objects  happens  to  be  op- 
pofite.- — -From  whence  it  is  evident  the  Doc¬ 
tor  had  not  feen  thofe  Images  by  refraCIed 
Light,  Or  confirmed  this  Account  of  Vifion  by 
Experiments. 

The  celebrated  Dr.  Swammerdam  under¬ 
took  the  general  Anatomy  of  I?ife As  with  fur- 
prifmg  Succefs ;  and  in  particular  he  has  given 
the  DiffeCtion  of  the  Eye  of  a  Bee,  in  which  he 
agrees  with'  Dr.  Hooke ,  that  the  external  Part, 
or  general  Cornea ,  confift  of  innumerable  little 
Spheres  or  Globules  \  alfo,  that  each  of  thefe  are 
of  an  hexagonal  Form,  and  hollow  on  the  In- 
fide ;  but  then  he  denies  that  thefe  Cavities 
contain  any  Liquor  or  Humour  ♦,  and  afferts, 
that  the  opake  Matter  (before  fuppofed  the 
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Retina)  is  really  in  contadf,  or  immediately 
adheres  to  the  Cavities  of  the  general  Cornea ; 
and  laftly,  that  it  is  neither  a  Retina ,  nor  Uvea , 
as  there  is  no  Perforation  or  Pupil  in  it  •  and  con¬ 
sequently  that  Viiion  is  not  performed  in  Infcdfs 
in  any  Manner  anologous  to  that  in  other  Ani¬ 
mals, 

According  to  this  Author,  there  is  no  Way 
of  accounting  for  Yifion  in  Infedts  at  all;  for, 
if  each  fingle  Globule  in  fuch  a  compound  Eye, 
were  equally  concave  on  the  infide,  as  convex 
on  the  outfide,  and  the  infide  be  lined  with  a 
dark  opake  Matter,  then  fuch  a  Globule  can 
only  reflect  the  incident  Rays,  like  a  very  mi¬ 
nute  convex  Speculum,  without  the  Poflibility  of 
any  Image  being  formed  by  Light  refr-adted 
thro’  it,  as  is  the  Cafe  of  Viiion  in  all  other 
Eyes  whatfoever. 

But  thefe  great  Naturaliils  have  undoubtedly 
fallen  into  a  Miitake,  with  relpeet  to  the  equal 
Concavity  of  thefe  Hemifpherules  *,  becaufe,  if 
that  was  the  Cafe,  and  the  dark  or  opake  Lining 
removed,  the  Rays  of  Light  palling  thro’ them, 
would  not  be  converged  to  a  Focus  on  the  In¬ 
fide,  and  fo  no  Image  could  there  be  formed  of 
external  Objedfs,  as  is  evident  from  the  com¬ 
mon  Principles  of  Dioptrics :  But  this  is  not 
the  Cafe,  for  in  the  Eye  of  a  common  Fly,  it.  is 
eafy  to  fhew,  that  by  turning  the  Convex  part  to 
the  Light  of  the  Window  or  Candle,  it  will  be 
refradled  through  it,  and  thereby  the  Images 
of  thofe  Objedfs  will  be  formed  in  the  proper 
Focufes  of  thofe  'Lenticular  Prominences . 

And  on  this  Account  they  muff  be  deem¬ 
ed  Lenfes  of  fome  Sort  or  other,  proper  for 
Viiion  by  Rcfradtion  •  that  is,  they  muff  be 

Convexo- 


[  22  ] 

Convexo-Concave ,  Plano-Convex ,  or  Double-Con « 
vexes ;  fince  no  others  can  form  Images  of  Qb- 
jedts  by  refracted  Light.  Now  it  can  be  no  dif¬ 
ficult  Matter  to  determine  which  of  thole  Forms 
thefe  multocular  Lenfes  have  ^  for  the  Thick- 
nefs  of  fuch  Corneas  is  not  fo  extremely  fmall, 
but  that  in  a  tranverfe  Fiffure,  it  is  very  difcern- 
able  by  the  Microfcope  •,  which  Appearance 
therefore  will  eafily  afcertai.n  the  true  Form  and 
Sizes  of  thefe  final!  Lenfes. 

Neither  Power  nor  Hooke ,  has  faid  any  Thing 
in  particular  about  the  Thicknefs  of  the  Cornea 
of  their  Flies,  or  the  Form  of  their  fradtured 
Edges.  Swammerdam  has  given  a  Cut  of  the 
Thicknefs  of  the  Cornea  of  a  Bee’s  Eye,  but 
then  it  does  not  go  thro’  the  fuppofed  convexo- 
concave  Hemifpheres,  but  only  between  them, 
fo  that  nothing  can  be  determined  of  their  Fi¬ 
gure  from  thence. 

But  from  a  great  Number  of  Obfervations 
which  I  have  made,  I  have  always  obferved  one 
uniform  Appearance  in  the  Edges  of  the  Frag  ¬ 
ments  of  the  Corneas  of  all  Infedts  I  have  exami¬ 
ned,  viz.  That  it  was  thicker  in  the  Parts  through 
the  Middle  of  the  pearly  Protuberancies  than  be¬ 
tween  them,  and  that  this  Swelling-out  or  Increafe 
of  Thicknefs  was  equal  on  each  Side,  and  exadlly 
oppofite,  and  therefore  amounts  to  a  full  Proof, 
That  the  Cornea  of  an  InfetTs  Eye ,  is  really  a  Syf - 
tem  of  a  great  Number  of  exceeding  fmall  double 
and  equally  convex  Lenfes . 

A  farther  Proof  of  this  is,  that  the  real  Con¬ 
vexity  of  thefe  Lenfes  on  each  Side  the  Cornea  is 
very  confpicuous  in  the  Microfcope ;  turn  which 
Side  you  will  to  the  Glafs,  the  Appearance  of 
real  and  equal  Convexity  in  the  Lenfes  is  the 

fame. 
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fame,  Indeed  it  muft  be  granted  that  a  Concave 
Surface  does  often  appear  Convex  through  a  mag¬ 
nifying  Glafs  (as  they  well  know  who  ufe  this 
Artifice  for  converting  an  Intaglio  into  a  Cameo 
or  Bafs  Relief,  for  examining  more  exquifitely 
the  Goodnefs  of  the  Work*,)  but  there  are 
many  Circum fiances  attending  fuch  a  Micro- 
fcopic  View  of  thefe  Lenfes,  as  will  fufiiciently 
convince  any  one  that  there  is  no  fort  of  De¬ 
ception  attending  it. 

A  Perfon  ever  fo  fcrupulous,  in  admitting  this 
Doctrine  of  a  Lenticular  Cornea  in  the  Eyes  of 
Infedts,  will  be  inftantly  fatisfied  in  taking  a 
proper  View  of  that  in  the  Libella  or  Dragon- 

Fly - His  Doubts  will  be  all  diffipated,  and 

he  muft  affent  to  its  being  a  moft  perfedl  Syftem 
of  double  and  equally  convex  Lenfes,  all  of 
an  hexagonal  Form  *,  and  therefore  one  of  the 
moft  fingular  and  ftriking  Inftances  of  Divine 
Geometry  and  Optics  that  thewhole  Creadon 
affords. 

As  this  wonderful  Creature  cuts  the  moft 
conlpicuous  Figure  in  all  the  Tribe  of  Infedls, 
and  on  no  Account  fo  much  as  that  of  its  large 
and  prominent  Eyes,  it  feems  very  ftrange  that 
this  Principal,  this  capital  Subjedb,  lliould  have 
been  fo  little  confidered  and  treated  of  by  Mi- 
crofcopic  Authors  *,  tfytcidMy  Leeuwenhoek,  Hooke , 
and  Swammerdam,  three  the  greateft  Names  in  this 
Part  of  Natural  Eliftory.  The  latter,  in  fifty- 
three  folio  Plates,  has  given  only  one  Cut  of 
the  Libella ,  and  that  not  bigger  than  the  Life. 
Dr.  Hooke ,  in  33  folio  Plates,  has  no  Figure  at 
all,  either  of  the  Fly,  or  any  Part  of  it  ^  nay, 
in  the  Microgrnpkia  Reftaurata ,  there  is  no  other 
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mention  made  of  it,  but  that  it  is  the  moft  re¬ 
markable  of  all  Infefts  for  its  fine  pearled  Eyes, 
Leeuwenhoek  (we  are  told  in  the  fame  Para¬ 
graph)  reckons  12544  Lenfes  in  each  Eye  of 

this  Creature  , - alfo  that,  he  obferved  in  the 

Centre  of  each  Lens,  a  minute  tranfparent  Spot 
brighter  than  the  reft,  and  fuppofed  it  to  be  the 
Pupil  thro’  which  the  Rays  of  Light  are  trarif- 
mitted  upon  the  Retina .  This  Spot  (he  fays)  had 
three  Circles  furrounding  it,  and  feeirfid  feven 
Times  lefs  than  the  Diameter  of  the  whole  Lens. 
1  don't  wonder  at  this  Gentleman’sfeeing(or  rather 
afierting)  all  this,  when  1  (who  make  ufe  of  other 
Eyes,  and  other  Glafles)  have  fo  often  mifearried 
in  endeavouring  to  realize  many  of  thofe  won¬ 
derful  Difcoveries  we  generally  take  upon  the 
Credit  of  his  Word  for  undoubted  Truths. 
Nothing  like  a  Pupil ,  or  co?icentnc  Circle,  appears- 
to  me  in  any  of  the  Lenfes  of  this  Eye  :  But 
their  true  and  real  Appearance,  Figure,  Size, 
and  Effect  in  regard  to  Villon,  are  as  follow7  : 

Fig.  22.  is  a  Reprefentation  of  one  of  thofe 
Lenfes  of  an  Hexagonal  Figure,  inferibed  in  a 
Circle  one  Inch  in  Diameter  ^  with  Part  of  fix 
others  contiguous  to  it  on  every  Side.  The 
Sides  by  which  they  join,  are  beautifully  tinged 
wnh  the  deepeft  Yellow  or  Orange  coloured 
Light  refra&ed  thro’  them  ;  fo  that  they  appear 
like  Lenfes  fet  in  Gold,  variegated  with  three  final! 
parallel  Lines  (in  a  particular  Cafe  of  Light)  as 
fliev/n  in  the  Figure.  But  as  to  the  Surface  of 
the  Lens,  there  is  no  other  than  one  uniform  Ap¬ 
pearance  all  over,  excepting  what  may  happen  to 
adhere  to  it  from  the  Matter  of  the  Eye  behind. 

The  Convexity  of  the  Lenfes  is  very  evident 
by  the  Microfcope,  and  appears  to  be  equally 

the 


the  fame  on  both  Sides.  What  this  Degfee  df 
Convexity  is,  I  determined  pretty  accurately, 
and  have reprefented  both  it,  and  the  Thicknefs 
of  the  Cornea  in  Fig.  23.  This  Thicknefs  of 
,  the  Cornea  A  B,  CD,  at  the  Sides  of  the Lenfes, 
1  find  from  many  different  Views, of  it,  was  very 
near  equal  to  half  the  Width  AC  of  a  Leris. 

This  Width  or  Diameter  of  the  Lenfes  I  ob¬ 
served  was  every  where  the  fame  to  a  furprizing 
Exadtnefs.  I  meafured  the  fame  by  means  of  a 
Latticed-Micrometer,  in  which  there  were  50 
Wires  in  an  Inch ;  and  between  two  of  thefe 
Wires  were  contained  9  4  of  thefe  Lenfes,  rec¬ 
koning  from  Side  to  Side.  So  that  50  times  9  4 
or  4 75  is  the  Number  of  thefe  Lenfes  in  an 
Inch;  or  the  magnified  Width  A  C  {Fig.  23.)  is 
%4t  Part  an  Inch.  And  eonfequently  the 
Thicknefs  of  the  Cornea  A  B  is  about  the  ^4^. 
Part  of  an  Inch,  or  more  exa&ly  4oo  o-  Part. 

Then  fince  each  of  thefe  Lenfes  made  a  very 
lively  and  diftindb  Image  by  refradting  the  Light 
to  a  Focus,  it  was  eafy  to  determine  the  Radius 
of  Convexity,  as  it  is  nearly  the  fame  with  the 
focal  Diflance  of  a  double  and  equally  convex 
Lens.  What  this  focal  Diflance  is  in  the  pre- 
fent  Cafe,  ’  I  determined  by  an  adjufling  Screw 
fitted  to  the  Microfcope  which  contained  584 
Threads  in  an  Inch.  Then  having  the  Lenfes 
perfedlly  in  the  Focus  of  the  Glafs,  I  turned 
the  Screw  backwards,  till  I  could  mod  diftindt- 
ly  fee  the  Images  of  a  diflant  Objedl ;  and  having 
tried  the  Experiment  with  five  different  Lenfes, 
upon  a  Mean  I  found  the  Index  of  the  Screw 
Was  moved  thro5  half  a  Circle,  or  the  Screw  had 
made  half  a  Revolution  •  and  eonfequently  the 
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focal  Diftance  of  each  Lena  was  between  r4r 
and  0^"  an  lnch. 

The  focal  Diftance  being  thus  found  near 
eight  times  greater  than  the  Thicknefs  of  the 
Lens,  fhews  the  Radius  of  the  Sphere,  of  which 
thele  Lenfes  are  Segments,  to  be  nearly  the 
lame  •,  that  is  about  the  120th  Fart  of  an  Inch ; 
being  greater  than  the  focal  Diftance  in  the  pro¬ 
portion  of  49  to  48,  as  we  know  from  a  Theo¬ 
rem  in  Dioptrics. 

All  that  I  have  faid  is  upon  Suppofition  that 
the  Ratio  of  the  Sines  of  Incidence  and  Refrac¬ 
tion  is  the  fame  in  the  Subftance  of  the  Cornea  of 
the  Libella  as  it  is  in  Glafs  ;  and  of  this  there  can 
be  but  little  doubt,  fince  it  is  eafy  to  obferve  all 
the  Properties  of  thin  Plates  of  Glafs  in  it  ^  for  it 
is  as  tranfparent  as  Glafs  *,  and  likewife  as  brittle  y 
flying  in  innumerale  little  Fragments  before  the 
Edges  of  the  Sciflars  which  divides  it. 

It  is  amazing  to  obferve  how  perfectly  fpherica! 
thefe  Lenfes  are,  and  how  exactly  the  Images 
of  Objects  are  defined  in  their  Foci.  The  Can¬ 
dle,  the  Flame,  and  the  Snuff,  are  all  diftindfc 
and  vifible  in  about  40  or  50  Images  together. 
But  the  Objects  I  made  ufe  of  for  meafuring  the 
focal  Diftance,  was  a  Chimney  with  a  Funnel 
upon  the  Top  of  it,  belonging  to  a  Houfe  in 
the  Street,  juft  oppofite  to  the  Window  of  my 
Room.  And  fo  very  truly  fpherical  are  thefe 
fmall  Lenfes,  that  any  Part  or  Fragment  exhi¬ 
bits  an  Image  equally  juft  as  that  of  the  whole 
Lens ;  all  in  the  fame  Manner  as  we  find  in 
broken  Lenfes  of  Glafs  A 

Since 

*  See  Fig.  24,  which  reprefents  {even  compleate  Lenfes 
magnified  ;  and  Fig.  25,  which  are  the  (even  Images  of  the 
Window  and  Chimney  belonging  to  each  Lens  in  its  re- 
fpedtive  Focus,  juft  as  large  as  they  appeared* 
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Since  475  of  thefe  Lenfes  make  an  Inch, 
there  will  be  2256  4  in  every  fquare  Tenth  of  an 
Inch ;  and  if  we  allow  the  Cornea  of  the  Libella  to 
be  equal  to  Six  fuch  fquare  Tenths,  there 
will  be  13537!  of  thefe  Lenfes  in  each  Eye,  or 
27075  in  both  together. 

Such  then  is  the  Theory  of  Vifion  in  Insects  ; 
which  we  may  obferve  is  not  very  diflimilar  from 
that  in  us  •,  we  have  two  Lenfes ,  (or  Cryftalline 
Humours,)  and  they  have  Ten  Thoufand  *,  and 
it  is  juft  the  fame  thing  whether  the  Ideas  of 
Vifion  be  excited  in  the  Mind  of  a  Man  or  a 
Fly  by  the  coincidence  of  two  Images ,  or  that  of 
ever  fo  many  Thoufands ,  upon  the  Optic  Nerve. 

In  feveral  Eyes  of  this  Infedb  which  I  have 
clifteded,  it  was  eafy  with  a  good  Magnifyer  to 
fee  the  Optic  Nerve  proceed  from  (what  may  be 
called)  the  Brain  to  each  Eye,  in  a  round 
long  Body,  as  in  the  Eyes  of  other  Animals ; 
and  when  it  enters  the  Eye  it  is  vifibly  ramified 
in  a  moil  beautiful  Manner,  over  all  the  interior 
Part  of  the  Choroides ,  through  which  it  pene¬ 
trates  and  makes  the  Retina  juft  under  the  Cornea , 
as  in  other  Eyes.  This  Retina  I  have  alfo  taken 
off,  and  difplay’d  it  on  a  Glafs  with  a  little 
Water,  when  I  could  eafily  obferve  feveral  fine 
hallow  VefTels  fpread  through  the  fame,  am  lo 4 
gous  to  Blood-veftels  in  other  Animals. 

This  Subject  of  Vifion  in  Infeffs  I  have  given 
not  only  as  new,  but  as  the  moft  fignal  5and  il- 
luftrious  Inftance  of  the  Ufe  of  the  Microfcope 
in  examining  the  Works,  and  difcovering  the 
Wonders  of  Nature  in  her  moft  fecret  Receffes. 
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And  Instruction 

By  the  MICROSCOPE, 

~  v  *■  '  b  \  v 

H  E  S  E  Objefts  may  be  divided  into 
^  X  ^  the  following  Gaffes 5  viz. 

^  Such  as  have  their  whole  Bo- 
dy,  Form,  and  Parts  magnified  and 
exhibited  in  one  Microfcopic  View  ^  as 
The  Louse*  ~  '  ‘  s 

The  Flea«  ' 

The  Bug, 

The  Mite. 

The  Polype. 

The  Eels  in  Pafte,  Vinegar,  &c. 

The  Animalcules  in  Fluids. 

4nimalcul<g  in  Semine  Mafculino 4 

. .  ,.  „  J 
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Very  fmall  Flies  and  Insects  of  all  Sorts. 
The  fmalleft  Kinds  of  Plants,  Mosses, 
Mouldiness,  &c. 

II.  The  fmall  Parts  of  Animals,  viz. 
The  Hair  of  the  Head,  Horse-Hair* 
Mouse’s  Hair;  Hog’s  Bristles,  CjV. 
The  human  Cuticle,  or  Scarf-Skin. 

The  Papilla  pyramidales  in  the  Skin. 

The  Fibrilla  of  Muscles,  Nerves,  CjV. 

The  Ramification  of  Arteries  and  Veins; 
The  Lymphaducts,  Lacteals,  and  other 
fine  Vefiels. 

TheBLOOD,  Semen,  Urjne,  &c. 

The  Circulation  of  the  Blood  in  the  Fins 
of  Fishes,  the  Tails  of  Tadpoles,  and 
of  Water-Newts,  the  belt  of  all. 

The  Nails  and  Hoofs  cut  into  thin  Slices, 
The  Plumula  or  Plumage  of  Feathers. 

The  Pith  of  a  Feather  cut  tranfverfely. 

The  Colours  and  Tints  of  Feathers ,  Eggs, 
&c.  of  Fowl. 

The  Eggs  of  all  Kinds  of  Infedts. 

The  Antenna  or  Feelers  of  Gnats,  i£c. 
The  Eyes  of  all  Infedts. 

The  beautiful  Head  of  a  Flesh-Fly. 

The  Annuli ,  or  Rings,  on  the  Bodies  of 
Insects. 

The  Wings  of  Gnats ,  Flies,  &c. 

The  Wings  of  Scarabs ,  or  Beetles. 

The  Wings  ofBuTTERFLiES,  Moths,  &c. 
The  Sting  of  a  Bee ,  JVafp^  Hornet ,  &c. 

The  Eyes  of  Spiders. 

The  Exuvia ,  or  Caft- Skins  of  Spiders. 

The  Apparatus  in  the  Mouths  of  Spiders. 
The  fpiral  Probofcis  in  Butterflies, 

The 
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The. Teeth  in  the  Mouth  of  a  Snail. 

The  Eyes  on  the  Horns  of  Snails. 

Young  Spiders,  Catterpillers,  CdV.juft 
hatched. 

The  W  eb  of  Spiders i  Caterpillars ,  Silk-Worms , 

&V. 

The  Cbryfalides ,  or  Cafes  of  Tnfedts. 

The  Thee#  of  Moths,  Cados-Worms , 

The  Sc  ales  of  Fishes,  Serpents,  CtV, 
The  Scales  of  Eels,  in  particular. 

The  trarifparent  Fins  of  Fishes  and  Eels. 
The  Spi ailce  or  Pricles  of  Seal-Skins. 

The  Ovarium  or  Sperm  of  Fishes. 

The  minute  Sorts  of  Shell-Fish. 

The  fimbriated  Parts  of  Crabs,  Lobsters, 

&c. 

The  Excrements  of  Scollops,  &c. 

III.  The  third  Clafs  of  Microfcopic  Objects 
are  of  the  V egetable  Kind  *,  the  Parts  of  a  Plant 
when  examined  by  this  Inftrument,  difcover  the 
moil  extenfive  Scenes  of  creating  Power,  Wif- 
dom,  and  Defign,  as  will  be  eafily  evinced  by 
applying  the  Microfcope  to  the  following  Sub¬ 
jects,  viz. 

The  Plantule  in  the  Fruity  or  Kernel. 

The  Corpuscles  of  the  two  Lobes  macerated. 
The  Orifices  of  Air-Vessels  in  the  Roots , 
and  Branches. 

The  Orifices  of  the  Sap-Vessels  in  ditto. 
The  Cortex  or  Bark  of  Trees  in  General. 
The  Veficutar. 'Subfiance  of  Cork  in  particular. 
The  Lignous  Fibres  in  the  internal  Bark. 

The  Spiral  Fibres  of  the  VefTels  in  a  Vine- 
Leaf. 

The  Web-like  Warp  and  Woof  in  rotten  Wood. 

The 
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The  Pith  of  Elder,  and  other  like  Plants; 

The  Tranfverfe  SeSUon of  Kex,  Bramble,^, 

The  T ranfverfe  Setdion  of  the  Root  of  Fern-, 

The  Invoker  a  or  Coverings  of  Gems  or  Buds 
of  Trees. 

The  Aromatic  Balls  on  Leaves  of  Sags, 
Thyme,  Mint,  {Ac . 

The  Catenary  Pearls  on  Sowthiftle  Leave,  (Ac. 

The  Pellicle  or  thin  Skin  of  macerated- 
Leaves. 

The  Papillae  and  Pores  in  the  Pellicle  of 
Houfeleek . 

The  Particles  of  the  Parenchyma  of  mace* 
rated  Leaves. 

The  Ramification  of  Vessels  in  ditto. 

The  Duplicature  of  Vessels  in  ditto. 

The  transparent  Blades  of  Grass,  Corn,  l Ac , 

The  Stings  of  Nettles,  and  their  Juice 
or  Liquor. 

The  Uncated  Tenters,  or  Hooks  of  Clivers 3 
(Ac. 

The  Stamina  on  the  young  Shoots  of  Filbert- 
Trees . 

The  Lanugo  or  Down  on  the  Leaves  of  Plants. 

The  fmall  Flowers  of  Plants  in  general. 

The  Colours  of  the  Petala  or  Leaves. 

'The  Farina  or  Dull  on  the  Stamina . 

The  Style,  Matrix ,  (Ac.  in  the  Attire  of 
the  Flowers. 

The  fucculent  pulpy  Part  of  the  Fruit. 

The  fmallSEEDs  of  Plants  in  general. 

The  Seeds  of  Fern ,  Harts-Tongue ,  (Ac.  in 
particular. 

The  Seeds  on  the  Stems  of  Mushrooms. 

The  whole  of  Sea-Plants  of  every  Kind. 

The  Variety  in  the  Surface  of  Corallines, 

The 
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The  particular  Texture  of  Sponge. 

The  minuted  Shells  of  every  Sort. 

IV.  The  fourth  Clafs  ofObjefe  proper  for  the 
Microfcope  are  of  a  Mifcellaneous  Nature,  the 
Principal  of  which  here  follow. 

The  Edge  of  a  R  a  s  o  r  ,  Pen-Knife ,  6?  c. 

The  Point  of  a  Needle ,  Pin ,  &c. 

T  he  polijhed  Surface  of  Metals . 

The  Print,  or  Writings  on  Paper . 

The  Substance  of  Paper  itfelf. 

The  Contexture  of  Linen ,  Cloth,  &c. 

The  fined  Sorts  of  Sand. 

ThePARTiCLES  of  different  Kinds  of  Earth, 
The  various  coloured  Particles  of  Mundick* 
The  Su  r  f  a  c  e  and  Substance  of  Ores  and  Me* 
tals. 

The  Effiorefcencies  of [parry  Exudations . 

The  Salts  of  Sea-Water  evaporated. 

The  Salts  of  Vegetable  Lixivium 4 
The  Salts  of  Animal  Subfiances. 

The  Salts  or  Crystals  of  all  Metals . 

The  artificial  Crystallizations  of  Salts, 
The  Parts  of  the  fmalled  Fleaks  of  Snow, 
The  hexagonal  Cups  of  white  Froft. 

The  frofiy  Vegetation  on  Glafs -Windows, 
The  Effervescence  betwixt  Acids  and  AU 
calis . 

The  ignited  Particles  in  ftriking  Fire . 

The  inteftine  Motion  in  Spirituous -Fluids . 
The  Ashes  of  burnt  Paper ,  Linen ,  &c. 

The  Te  eth  of  fine  Files,  Rafps ,  &c. 
ThzFhreads  on  the  fined  Screws. 

The  fmalled  Microfcopic  Glasses  themfelves* 

The 
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The  Description  of  an 


UNIVERSAL 


By  Reflect  10 n. 

Exhibiting  a  View  of  all  Kinds  of 
Objects,  great  or  small,  remote 

or  near  at  Hand. 

'  \ 

Body  of  this  Universal  Per- 
iM  x  ^  spective  by Refiedtion  is  in  the  Form 
^  ^  of  that  New  Refledtirig  Telefcope  con- 

%Lsk  lifting  of  a  double  Tube,  or  one  withiii 
the  other,  whole  Nature  and  Effedts  I  have 
particularly  defcribed  in  my  Philofophia  Britan- 
nica  (Edit,  id.)  fome  Years  ago;  where,  at  the 
fame  Time,  I  hinted  how  very  general  and  ex- 
tenfive  the  Ufe  of  this  Inftrument  was  in  its 
own  Nature  ;  and  of  which  I  ftiall  now  give  a 
more  particular  Account  and  Defcription  under 
the  following;  Heads. 

O 

##################### 

I.  Ehe  Use  of  this  Inftrument  as  ^Reflecting 

Telescope. 

)8Q§0§C^  H  ERE  can  be  but  little  neceftary 
M  x  ^  t0  he  faid  in  this  refpedt,  to  any 
M  ^  one  acquainted  with  a  Refietling  Te* 
wLfikMM  left ofe  in  general,  and  elpecially  to  a 

F  Perfou 
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Perfon  who  has  feen  or  ufed  one  of  the  Form  xm* 
cler  Confideration ;  but  fuch  as  have  not,  may 
obferve  the  following  Directions,  viz.  (i.)  To 
take  off  the  Piece  containing:  the  dark  Glafs  at 
the  End  of  the  Eye-Piece,  in  all  Cafes,  except 
when  the  Sun  itfelf  is  to  be  viewed  through  the 
'Tube  \  and  then  it  muff  be  kept  on,  to  defend 
the  Eye  againft  the  Force  of  the  condenfed  Rays, 
(2.)  Having  diredled  it  to  any  diftant  Objedl, 
you  adjuft  it  to  a  proper  Focus  by  turning  the 
Pinion  on  the  Side  of  the  outer  Tube  which 
will  move  the  inner  one  out,  and  in,  till  the 
two  Metals  have  their  proper  Diftance  to  fhew~ 
the  Objedt  very  diftlndlly.  (3..)  For  all  the 
heavenly  Bodies,  and  thofe  at  very  great  Dis¬ 
tances  on  the  Earth  or  Sea,  this  focal  Diftance 
is  the  fame,  and  is  marked  by  a  Circle  drawn 
upon  the  inmoft  Tube,  (4.)  If  the  Telefcope 
be  large,  the  Slider  carrying  the  little  Metal,  is 
moveable  by  the  Eland  upon  the  long  Wire  on 
the  Side  of  the  Tube,  till  you  fee  the  Objedl  j 
and  then  it  is  fixed  on  the  laid  Wire  by  a  Screw ; 
after  which  you 'adjuft  it  to  a  proper  Focus  for 
(hewing  the  Objedt  perfectly,  by  turning  a  Knob 
at  the  End  of  the  Wire  (next  the  Eye)  which  will 
givre  Motion  to  the  Wire  and  the  little  Metal 
upon  it,  as  in  Refiedting  Telefcopes  of  the  com¬ 
mon  Forms.  (5.)  The  Apertures  in  thefe  large 
Telefcopes  admit  of  too  much  Light  for  fhew- 
ing  the  Planet  V mus  diftindlly,  and  therefore 
there  is,  generally,  a  double  End-Piece,  viz.  a 
(mail  Piece  (crewed  into  a  large  one  which  doles 
the  whole  Tube  ;  this  (mailer  Piece  is  then  to 
be  taken  off  only,  by  which  Means  the  Planet 
will  appear  like  a  Lunar  Crefcent,  or  Moon  of 

four 
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four  or  five  Days  old.  (6.)  This  fmall  Aper¬ 
ture  is  fometimes  molt  advantagioufSy  ufed  for 
viewing  the  Mqculds  and  Fecula  or  dark  and  light 
Spots  on  the  Sun’s  Difk.  But  for  our  own. 
Modn ,  as  alfo  for  the  other  Planets ,  and  their 
Moons ,  there  cannot  be  too  much  Light,  and 
therefore  in  viewing  them,  the  whole  End  is 
taken  off  j  as  likewife  for  all  terreftrial  Objects. 


JL  The  Ufe  of  this  Perspective  as  an 

Engyscope. 


the  Word  Engyfcope  is  meant  a  View 
b  ^  °f  Objebls  that  are  near  us  \  fuch,  we 
)*(  are  here  to  underftand,  as  are  not 

farther  off  from  the  End  of  the  Te- 
lefcope  than  20  Feet  ;  and  ,to  adjuft  the  In- 
ftrument  to  a  proper  Focus,  for  fuch  near 
Objects,  there  is  a  Circle  drawn  on  a  pro¬ 
per  Part  of  the  inner  Tube,  to  which  it  is  to 
be  placed  by  the  Screw  on  the  Side  for  viewing 
any  Object  at  about  20  Feet  diftant  from  you. 
If  it  be  nearer,  the  Tube  (by  turning  the  Screw) 
muff  be  moved  further  out,  till  you  come  to  a 
Focus,  or  a  clear  and  diftindt View  of  the  Objedf, 
which  may  eafily  be  obtained  for  any  Gbjedt 
whofe  Diftance  is  not  lefs  than  four  times  the 
focal  Diftance  of  the  large  Metai.  Thus  in  the 
Portable  or  Pocket  Refletior ,  you  view  any  Ob¬ 
ject  whofe  Diftance  is  not  lefs  than  two  Feet. 

F  2 
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III.  The  life  of  this  Perspective  as  a, 

Megalascope. 

t  a  * 

a  Megalascope  is  underftood  an 
rf  3  Inilrument  which  gives  a  magnified 
^  View  of  all  the  larger  Sort  of  f mall 

'tLjgsfLM  Objects ,  and  is  fornetimes  called  a 
FoJJil-Microjcope ,  Cloth-Microfcope. ,  &c.  but  this 
perfpedtive  is  of  the  moil  general  Nature  for  {hew¬ 
ing  any  thing  of  that  Kind  inftantly,  and  in  the 
moft  perfect  Manner  by  only  placing  the  Ob¬ 
ject  in  a  proper  Light,  and  at  theDiilance  of  two? 
three,  or  four  Feet  according  to  the  Length  of 
your  Inilrument :  For  then  the  Qbjedls  are  lo 
much  magnified,  and  their  Parts  fo  feparate  and 
diflindt,  that  we  fcarcely  know  them  in  this  new 
Point  of  View,  or  can  reconcile  them  to  the 
Ideas  they  imprefs  on  the  Mind  by  the  natural 
Appearance.  r 


IV.  fhe  Ufe  of  this  Perspective  as  & 
Catoptric  Microscope. 


Nature  of  this  Inilrument  is  fuch 
M  T  ^  as  hts  it  for  a  Catoptric  Microfccpe  in 
? ' ^ie  mo^  compkat  Manner  pofiible  ^ 
by  fuch  a  Microscope  is  meant 
One,  wherein  we  view  the  Image  of  a  final! 
Objedl,  form’d  by  refiefted  Light  from  the  fmall 
Metalic  Speculum*,  now  it  is  well  known,  that 
an  Image  by  refiedled  Light  is  more  fimple  and 
perfedt  than  one  by  refradled  Light ;  and  has 
this  Peculiarity,  that  it  is  entirely  colon  rlefs. 

On 


[  37  ]  ' 

pn  all  which  Accounts  it  is  obvious,  that  a  Mir 
crcfcope  by  Reflection  is  the  moft  elegible  to  the 
judicious  Enquirer  into  Nature,  as  being  the 
belt  EfTed  that  can  be  produced  by  the  joint 
Powers  of  Nature  and  Art.  And  in  order  to 
render  the  Application  of  the  fmalleft  Obje&s 
facile,  there  is  a  convenient  Apparatus  for  the 
Purpofe  and  the  Power  of  magnifying  is  in- 
creafed  or  diminiihed  by  moving  the  fmall  M9- 
tal  farther  from,  or  nearer  to  the  large  One,  by 
the  Pinion  or  Screw  on  the  Side  j  but  this  is 
more  effe&uaily  done  by  an  Eye-Piece  of  dif¬ 
ferent  magnifying  Powers,  hereafter  defcribed* 


V.  ‘The  Ufe  of  the  Perspective  as  a 

Helioscope. 


the  Word  Helioscope  is  meant 
3  M  any  infirument  by  which  the  Sun  may 
be  viewed  without  Offence  to  the  Eye  5, 
the  Method  of  doing  which  is  five 
Fold,  two  by  viewing  the  real  Orb  or  Diik  of 
the  Sun  ;  and  three  by  making  the  Image  there¬ 
of  very  large,  and  eafy  to  the  Eye. 

The  firftfvSi  the  common  Way  of  viewing  the 
Sun  by  means  of  the  dark  Glafs  at  the  End  of 
the  Eye^Piece  next  the  Eye  •,  but  this  gives  a 
falfe  Idea  of  the  Colour  of  the  Sun  which  we 
think  from  thence  to  be  red,  and  fo  have  in- 
Produced  the  abfurd  Cuftom  of  reprefenting 
it  by  a  Copper,  or  laquered  Brafs  Ball  in  Or¬ 
reries, 
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The  fecond  Method  is  caufing  the  Sun’s  Rays 
(after  Refledion  from  the  fmall  Speculum)  to  be 
four  Times  refleded  from  fo  many  plain  Glades, 
by  which  means  fo  much  Light  is  loft,  that  the 
Refidue  is  quite  fufficient  to  fhew  the  Surface  of 
the  Sun  with  Eafe  and  Pleafure  to  the  Eye,  and 
prefents  the  true  Idea  of  a  globular  Orb  of  white, 
concentrated  Fire.  But  this  Apparatus  adds 
confiderably  to  the  Expence  of  the  Xnftrument. 

The  Third  JVay  of  (hewing  the  Sun  is  by  Re¬ 
flection  only,  and  therefore  the  moft  perfed  of 
all  others  of  Courfe,  for  the  Image  of  the  Sun 
formed  by  the  large  Speculum  juft  before  the 
fmall  one,  is  by  that  again  refleded  through 
the  Hole  of  the  large  one,  and  confiderably 
magnified  on  a  Screen  at  a  Diftance  from  the 


Eye-End  of  the  Inftrument,  having  firft  taken 
off  the  Eye- Piece,  with  its  two  Glades,  and 
laid  it  aflde.  For  this  Purpofe  it  will  be  necef- 
fary  only  to  cut  a  round  Hole  in  a  Sheet  of  Pad- 
board  to  place  it  on  the  Objed  End  of  the  Per- 
fpedive,  in  order  to  intercept  the  Light  from 
the  Screen-,  and  by  turning  the  Pinion  (or  Screw) 
on  the  Side,  you  immediately  make  the  Solar 
Image  very  perfed  on  the  Screen  at  any  Dif¬ 
tance.  And  the  White  as  well  as  the  Black  Spots 
on  the  Sun  will  this  W ay  appear  beft  defined, 
eipecially  if  the  Perfpedive  be  of  the  largeft 
Sort, 

The  fourth  Method  is  by  magnifying  the  fe¬ 
cond  Image  of  the  Sun  a  third  time  by  the  Glades 
in  the  Eye-Piece,  which  rnuft  nowr  beput  on  again 
for  that  purpofe  this  third  Image  will  be  very 
large  but  not  quite  fo  diftind,  as  before. 
However  it  is  an  excellent  Method  for  exhibiting 
the  Spots  in  the  Sun  for  general  Obfervation. 

The 
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The  Focus  is  here  alfo  (as  in  all  Cafes)  produced 
by  turning  the  Pinion  (or  Screw)  on  the  Side* 
But  the  fifth  Method  of  magnifying  the  fe~ 
cond  Image  by  a  lmall  Speculum  of  Metal 
(provided  for  this  Purpofe)  is  preferable  to  the 
foregoing  ;  for  now  the  third  Image  is  allb  made 
by  Refledion,  confequently  without  Colours,  and 
as  large  as  you  pleafe  to  have  it,  from  ten  to 
twenty  Inches  diameter.  This  Method  requires 
a  Screen  or  fneet  of  Pafteboard  fixed  on  the 
Object  End  of  the  Perfpedive,  or  {landing  on 
the  Table  by  it,  to  receive  the  faid  Image  of 
the  Sun. 


VI.  The  Use  of  the  Perspective  as  a 
Solar  Microscope  by  Refradion. 

O  this  End  the  common  Eye-Piece  is 
M  ^  S  taken  off,  and  a  Wilfon’s  MicrofcoDe 
M  M  (0f  a  proper  Conftrudion  to  anfwer 
this  Purpofe)  is  fcrew?d  into  its  Place, 
then  a  Screen  being  placed  at  the  Diftance  of 
two  or  three  Feet  (and  {haded  by  the  Pafteboard 
on  the  other  End  of  the  Tube)  you  put  the 
Objects  (intended  to  be  magnified)  in  the  Mi- 
crofcope,  and  Screw  on  fuch  a  Magnifier  as  is 
fuitable  to  their  Size  j  thofe  Objeds  that  are 
largeft,  requiring  the  largeft  Lens,  or  leaft 
Magnifier,  C?  viceverfa. 

When  this  is  done,  you  adjuft  the  Object  to 
a  due  Focus  by  turning  the  Screw  of  the  Mi- 
crofcope  ’till  the  Image  becomes  very  plain  and 
diftind  on  the  Screen,  as  in  the  ufuai  Manner, 

Thea 
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Then  in  order  to  illuminate  it  thoroughly)4 
you  turn  the  Pinion  (or  Screw)  by  the  Side  of 
the  Perfpedive,  ’till  the  third  Image  of  the  Sun; 
be  formed  on  the  Screen,  which  you  will  know 
by  the  Macula,  (or  by  the  Limb  of  the  Sun) 
Appearing  moil  diftind,  in  the  Manner  as  before 
directed. 

Then  it  is  evident,  you  have  the  Image  of 
the  Object  magnified  on  the  Image  or  Face  of 
the  Sun  ;  and  how  beautiful  a  Sight  this  is,  they 
bed  know  who  have  feen  it  in  the  greateft  Per¬ 
fection.  Nor  can  this  curious  Phenomenon  be 
produced  in  any  other  lnftrument  or  Way  that  i 
know  of. 
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VII.  Phe  Use  of  the  Perspective  as  a 
Solar  Microscope  by  Refledion. 

H  E  foregoing  Way  by  Refradion 
M  t  ^5  gives  not  the  magnified  Image  fo  per- 
fed  as  it  may  be  made  by  Refledion 
0f  Light  from  Metals  only. 

For  this  Purpofe,  the  Apparatus  forming 
the  Solar  Image  (in  the  fifth  Method  of  the  5th 
Article)  is  to  be  applied,  and  the  laid  Image 
made,  as  there  direded,  on  the  Screen,  placed 
on  the  End  of  the  Tube,  or  (landing  on  a  Foot 
clofe  by  it. 

This  being  done,  the  Brafs  Piece,  with  the 
Flyers,  holding  the  fmall  tranfparent  Objed, 
is  (crew’d  on,  fo  as  to  have  the  Objed  eaflly 
brought  to  its  proper  focal  Diftance  from  the 
fmall  Speculum,  and  then  its  Image  will  be 
diftindiy  formed,  and  largely  magnified  on  the 

Face 
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Face  or  Image  of  the  Sun,  but  without  Colours 
dr  Diftortio'n  of  the  jfineft  Farts.  This  Method 
of  a  Solar  Mi  cr of  cope  is,  of  all  others,  the  molt 
pleating  and  perfect  •,  and  not  in  the  leaft  difficult 
to  an  ingenious  Hand. 


VIII.  To  encreafe  or  diminifh  the  Magni¬ 
fying  Power  of  the  Perspective  at 
Pleafurei 

O  effe6t  this,  we  need  only  eon- 
M  t  ^  tider,  that  if  the  Diftance  between 
^  ^  the  t vfe  Lenfes  in  the  Eye-Piece  be 

varied,  their  joint  Power  of  magni¬ 
fying  will  be  varied  likewife,  and  confequently 
that  of  the  Perfpedtive  will,  by  this  means,  be¬ 
come  variable.  Thus  by  the  Theory  it  will 
appear*  that  if  the  focal  Diftances  of  the 
two  Lenfes  be  5  and  1  4  Inches,  and  the 
Eye-Piece  fo  conftrudted,  that  they  may  be 
placed  at  given  Diftances  from  each  other,  the 
End  is  anfwered. 

1  * 

For  Example,  Let  their  Diftance  be  1  T,  then 
they  will  anfwer  to  a  Lens  of  1  nearly ; 
again,  if  we  make  their  Diftance  four  Inches, 
they  will  magnify  as  much  as  a  Lens  of  2  4  >  and 
in  thefe  two  Cafes,  the  magnified  Power  of 
the  Perfpeftive  will  be  as  2  4  to  1  ^4,  or  as  2  8 
to  13.  And  therefore  a  Foot  Perfpeftive  with 
fuch  an  Eye- Piece,  may  magnify  from  26  to 
56  times  in  the  linear  Dimentions.  And  in 
larger  ones  the  Power  of  magnifying  may  be 
ftill  more  different  and  variable. 
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IX.  To  conJiruSi  this  Perspective  with 
Metals  or  Sfeculxjms  only,  fo  as  to 
render  it  purely  a  Reflector,  and  truly: 
Achromatic. 

the  Body  of  this  Perfpedtive  con- 
M  A  ^  tains  two  Metals,  fo  the  Eye-Piece 
M  M  may  be  conftrudted  with  two  Meta - 
nne  Speculum s,  inftead  of  two  Lenfes y. 
always  hitherto  ufed.  The  Reafon  of  this  is 
evident  from  the  Theory,  and  it  is  now  fome 
Years  fince  I  firft  made  Reflecting  TeleJ 'copes  with. 
Speculums  only,  and  effedbed  Vifion  by  Reflec¬ 
tion  entirely  *,  and  confequewtly  free  from  all 
Poflibility  of  Colours,  which  we  have  elfewhere 
fliewn,  can  never  be  perfedHy  prevented  in  any 
Conftrudtion  with  Glades.  Therefore  it  is  bv 

Jr 

reflex  Vifion  only,  that  an  optical  Inftrument 
truly  Achromatic  or  Colourlefs 3  can  poflibly  be 
conftrudted. 
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Method  of  computing 

’  THE 

'  .  * 

Magnifying  POWER 

O  F 

/  ,  % 

Single  and  Double 

MICROSCOPES. 

H  E  Magnifying  Power  in  all  optical 
M  t  ^  Inftruments  depends  upon  this  one 
^  Principle,  Phat  every  Objetl  is  appa- 
sHLAAJk  rently  greater  or  lefs  in  Proportion,  as  it 
.is  nearer  to,  or  farther  from  the  Eye  *,  becaufe 
the  nearer  it  is,  the  larger  is  the  vifual  Angle 
under  which  it  appears,  &  vice  verfd. 

But  the  Eye  is  fo  form’d  as  to  admit  of  di- 
flindt  Vifion  by  fuch  Rays  only  as  are  nearly 
■parallel ;  and*  therefore  every  Objedl  muff  be 
removed  to  fuch  a  Diftance  from  the  Eye  that 
the  Rays  of  Light  iffuing  from  every  Point 
•thereof,  may  fall  upon  the  Eye  with  fmall  Diver¬ 
gency,  or  nearly  parallel,  which  Diftance  is 
in  different  Eyes  from  Six  to  Eight  Inches,  as 
#ny  one  may  find  by  Trial. 

G  2  Nov/ 
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Now,  fince  a  convex  Glafs  convenes  parallel 
Rays  to  a  Point  or  Focus  ♦,  therefore,  oji  the 
contrary,  if  an  Objedt  be  placed  in  the  Focps 
of  fuch  a  Lens,  the  Rays  proceeding  from  each 
Point  will  be  refracted  parallel  to  the  Eye,  an4 
thereby  produce  dftinhl  Vifion  of  that  Objeft 
in  its  Focus. 

i  r  * 

Hence  then  it  follows,  that  if  a  b  (Fig.  26.) 
be  a  very  fmall  Objedt  in  the  Focus  of  the  Glafs 
r,  whofe  focal  Diftance  is  one  Inch,  the  Eye  ap¬ 
plied  to  the  Lens  C  will  have  diftindf  Vifion 
thereof ;  and  this  being  at  a  Diftance  6,  7,  or 
8  Times  nearer  than  the  Eye  alone  could  clearly 
fee  it,  it  mull  appear  fomany  times  larger  than  to 
the  naked  Eye  ^  and  therefore  we  properly  fay, 
it  is  magnified  to  fuch  Eyes,  6,  7,  or  8  Times 
in  Length  and  Breadth. 

But  all  Surfaces  are  magnified  in  Proportion 
to  the  Squares  of  their  'Lengths  or  Sides ;  there¬ 
fore  the  Surfaces  of  Objedts  are  magnified  36, 
49,  or  84  Times  by  a  Lens  of  one  Inch  focal 
Diftance.  '  ' 

Alfo  the  Bulk,  or  Magnitude  of  the  whole 
Body,  will  be  magnified  in  Proportion  to  the 
Cubes  of  the  Sides  or  Length ,  arid  therefore  all 
solid  Bodies  will,  by  fuch  a  Lens,  be  magni¬ 
fied  216,  343,  or  512  Times,  to  fuch  Eyes 
refpedtively. 

If  the  Lens  C  were  but  of  ~  an  Inch  focal 

**  1 

Diilance,  the  Lengths  of  Objedts  would  be 
magnified  twice  as  much ;  the  Surfaces  four 
Times,  and  the  Magnitude  or  Bulk,  eight 
Times  as  much  as  before. 

If  the  focal  Diftance  of  the  Lens  C  be  4  of 
an  Inch,  then  the  Lengths  are  magnified  four 

Times 
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Times  as  much,  viz.  24,  28,  or  32  Times  5 
the  Surfaces  16  Times  as  much,  or  576  Times 
more  than  to  the  naked  Eye  at  6  Inches  Dis¬ 
tance  5  and  iolid  Bodies  are  magnified  64  Times 
more  than  by  the  Lens  of  a  whole  Inch  focal 
Diftance. 

Once  more ;  fuppofe  the  Lens  fo  fmall  that 
its  focal  Diftance  is  but  ~A>  of  an  Inch,  then  the 
Length  of  an  Objeft  is  magnified  60,  70,  or  80 
Times;  the  Surface  3600,  4900,  or  6400 
Times,  and  the  Solidity  or  whole  Bulk  2 1 6000, 
343000,  or  512000  Times,  or  fo  much  larger 
do  the  Bodies  of  Mites ,  or  their  Eggs,  appear 
than  to  the  naked  Eye  at  6,  7,.  or  8  Inches 
Diftance. 

After  the  fame  Manner  you  may  compute 
the  magnifying  Power  of  Lenfes  of  —J, 

and  even  —  Part  of  an  Inch  fecal  Diftance , 
‘for  fuch  we  have  made  when  required ;  but 
they  are  with  Difficulty  ufed.  By  a  Lens  ~  of 
an  Inch,  the  Length  is  magnified  300  Times  ; 
the  Surface  90000  Times ;  and  the  Solidity 
27000000  Times. 

But  thefe  enormous  Powers  of  magnifying  are 
much  better  effected  in  Compound  Micro¬ 
scopes,  and  be  that  in  what  Degree  you  pleafe,it 
is  thus  eafily  eftimated.  LetC  ( Fig.  26.)  be  the 
ObjeB  Lens  in  the  Cell  Q^of  the  Compound  ME 
crofcope,  (Fig.  21.)  if  then  a  fmall  Object,  a 
be  placed  on  the  Stage  (at  G)  a  little  more  than 
the  focal  Diftance,  there  will  be  formed  by  the 
laid  Lens  C  a  large  Image  A  B,  in  the  upper  Part 
of  the  Microfcope,  and  this  Image  is  view’d 
through  the  Glafs  G  H  in  its  Focus  below  at  O. 

Now  it  is  eafy  to  underftand  that  the  Image 
AB  is  as  much  larger  than  the  objed  ah  as 

the 
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the  Diftanee  C  A  exceeds  the  Distance  C  &,  from 
the  Lens.  Suppofe  the  Image  A  B  fix  Times 
larger  than  the  Objedt  a  b  ;  then  if  it  be  viewed 
by  a  Lens  G  H  of  one  Inch  focal  Diftanee, 
the  Image  A  B  will  appear  magnified  fix  Times 
at  leaft,  and  therefore  the  ObjecI  a  b ,  will  be 
magnified  fix  Times  fix,  or  3  6  Times  in  Length  , 
and  36  Times  36,  or  1296  Times  in  Surface; 
.and  36  Times  1296,  or  46656  Times  in  the 
Bulk  or  Solidity.  And  yet  with  thefe  great 
Powers  of  magnifying,  the  Lens  C  may  not 
be  of  lefs  than  4  an  Inch  focal  Diftanee ,  in  the 
leaft  Sort  of  Compound  Pocket  Micr oj copes. 

But  with  a  fingle  Eye-Glafs  G  H,  we  have 
too  fmall  a  Field  of  View, 3  therefore  we  ufe  two, 
viz.  A  B,  and  D  E3  the  firft  contra&s  the 
Image  A  5,  into  another,  I  M,  which  is  lefs, 
,and  this  is  viewed  by  the  Eye-Glafs  D  E.  Now 
both  thefe  Glaftes  may  have  a  magnifying  Power 
equal  to  that  of  a  given  fingle  Glafs  G  H  by 
this  Rule  ;  Let  their  Diftanee  be  equal  to  the  Dif¬ 
ference  of  their  focal  Lengths ,  and  their  magnify¬ 
ing  Power  will  be  equal  to  that  of  a  Lens  whofe 
focal  Diftanee  is  half  that  of  the  greater  A  B- 

For  Example,  Suppofe  the  focal  Length  of 
A  B  to  be  2  I  Inches,  and  that  of  D  E  one 
Inch  ^  then  if  their  Diftanee  be  1  4,  their  joint 
magnifying  Power  will  be  equal  to  that  of  a 
fingle  Lens  G  LI,  whofe  focal  Diftanee  is  1  q, 
equal  half  that  of  A  B.  By  the  two  Eye- 
Glafles  the  Rays  are  converged  to  the  Eye  at 
the  compound  Focus  F,  much  lefs  affedled  by 
the  Errors  arifing  from  the  Aberration  of  Rays, 
both  from  their  different  Refnangibility ,  and  the 
Figure  of  the  Glaftes. 

■  ,  '  '  OF 
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N  ATURE  and  USE 


OF  THE 

MICROMETER, 

In  Meafuring 

Small  OBJECTS, 

Exemplified  in  one  of  a 


NEW  CONSTRUCTION 


ANY  and  expenfive  have  been  the 
M  ^  Contrivances  for  meafuring  fmall  Ob- 
'tfw -w)  je(^s3  ‘m  their  Dimenfions,  by 
zLjkyLM  that  Instrument  called,.  a  Microme¬ 
ter  ;  I  fhall  refer  the  Reader  to  the  Several 
Writers  on  Optics  for  an  Account  of  them,  and 
fhall  here  only  propofe  one  other  Method,  which 
will  come  eafy,  and  be  very  ready  in  Practice  ^ 
the  ConStrudion  of  which  is  a  fufficient  Expla¬ 
nation  of  its  Reafon  and  Ufe. 

This  New  Micrometrr  is  nothing  more 
than  a  Stage  (on  which  the  Objeds  are  placed) 

moveable 
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moveable  by  a  fine  Screw  which  has  a  Hand 
or  fmall  Index  paffing  oyer  the  Divifions  of  a 
graduated  Circle.  A  fine  threaded  Screw  is 
the  eflentiai  Part  in  all  Micrometers,;  of  the  belt 
or  moft  perfect  Kind.  1  formerly  placed  this 
Screw  in  the  Focus  of  the  Eye-Glafs  D  E, 
(Fig.  2  6.)  juft  where  the  Image  I  M  is  formed  ; 
but  found  this  Method  of  applying  it  gave  fome 
Trouble  in  underftanding  and  computing  the 
Dimer  lions  taken  by  it  j  and  therefore  I  have 
here  applied  it  to  the  Stage,  or  rather  to  the 
Objedl  ltfelf ;  which  being  attended  with  no  Diffi¬ 
culty,  will,  I  prefume,  render  the  Ufe  of  it 
more  general  and  pleafurable. 

The  upper  Part  of  the  Microfcope  which 
contains  the  Glafs  DE  has  a  very  line  Wire  in 
its  Focus,  and  to  it  any  Part  of  the  Image  I M 
may  be  applied  •,  or  that  Wire  may  be  applied  to’ 
any  Part  of  the  Image,  by  a  proper  Conftrudlion 
of  the  upper  Part  of  the  Microfcope  for  that  Pur- 
pofe.  The  Objedl  being  then  placed  in  a  pro¬ 
per  Manner  on  the  Stage,  the  Screw  is  to  be 
turned,  ’till  the  Image  of  the  Objedl  has  palled 
its  whole  Length  or  Breadth  under  the  Wire, 
and  then  the  Quantity  of  its  Dimenfion  will  be 
known.  Thus  for  Example  : 

The  Number  of  Threads  on  the  Screw  in 
one  Inch  is  50,  and  the  Number  of  Divifions  on 
the  circular  Plate  is  20.  Therefore  one  Thread, 
or  one  Turn  of  the  Screw,  meafures  Part  of 
an  Inch  ;  and  one  Divifion  of  the  Plate  is  ~  of 
that  is  TircT  Part  of  an  Inch.  So  that  luck 
a  Micrometer  will  very  exadtly  meafure  any 
fmall  Objedl,  or  its  fmaller  Parts,  to  the  thou- 
fandih  Fart  of  an  Inch . 

Suppofe 
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Suppofe  the  Subject  were  a  Mite,  and  it 
were  required  to  meafure  the  Length  thereof ; 
then  I  place  it  in  a  Slider,  and  that  Slider  on  a 
Stage  in  fuch  a  Manner  that  the  Mite  may  move 
length- wife  in  the  Direftion  of  a  Screw ,  then  I 
move  or  fet  the  Wire  at  right  Angles  thereto, 
and  fo  as  to  touch  the  Image  of  the  Mite  at  one 
End,  very  exafbly.  This  done,  I ‘  turn  the 
Wire  ’till  the  Image  has  pafied  its  whole  Length 
under  the  Wire ;  and  having  counted  the  Turns, 
I  find  them  4,  and  14  Divifion  of  another; 
the  4  Turns  are  -^4  or  -j-o-J-Sh  and  the  14  Divifions 
are  to44  ;  fo  that  the  whole  Length  of  the  Mite 
is  -ro-14  Part  of  andnch,  which  is  almoft  -j4  Fart 
of  an  Inch. 

Again,  for  a  fecond  Example :  Suppofe  you 
meafure  the  Length  of  the  Egg  of  a  Mjte, 
and  find  00*  Turn  of  the  Screw,  and  three  Di* 
vifions  on  the  Plate,  carry  it  compleatly  under 
the  Wire  ;  then  one  Revolution  of  the  Screw  is 
vs-  or  -ro 4 -§-5  and  three  Divifions  are  -rcnri-,  fo 
the  whole  Length  of  the  Egg  is  equal  to  T-64f> 
of  an  Inch  ;  that  is,  almoft  ~  of  an  Inch  ;  or 
44  fuch  Eggs  of  a  Mite  will,  if  laid  contiguoufly 
in  a  right  line,  be  nearly  equal  to  one  Inch  in 
Length. 

I  muft  here  add,  that  the  Micrometer  is 
eafily  applied  to  the  univerfal  Pe  rspective  be¬ 
fore  defcribed,  when  ufed  as  a  filar  Micro¬ 
scope  ;  for  let  a  fine  ftrait  Line  be  drawn  on 
the  Screen,  and  the  End  or  Side  of  the  Image 
be  placed  to  touch  it,  then  by  turning  the  Srew, 
it  will  thereby  be  meafured  in  thoufandths  Parts 
of  an  Inch. 

How  great  the  Pleafure  arifing  to  the  curious 
Naturalifts  muft  be  in  the  Ufe  of  the  Micro- 

H  METER, 
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meter,  meafuring  the fmalleft  Objects,  may  be 
better  conceived  than  exprefted  ;  when  by  this 
Means  he  acquires  an  Idea  of  the  wonderful 
Difproportion  there  is  between  the  Magnitudes 
or  Dimenfions  of  the  fmalleft  and  largeft  Ob- 
3  efts  of  the  fame  Species ,  as  between  the  fmall¬ 
eft  of  the  finny  Fry  and  the  largeft  Whale ;  an 
Anguicula  in  Vinegar  and  a  Rattle  Snake  30  or 
40  Feet  long.  And  that  the  Reader  may  have 
a  clear  Perception  of  fuch  a  furprifing  Contrail 
in  the  Works  of  Nature,  I  fhall  here  give  him 
a  Calculation  of  the  comparative  Magnitude  of 
the  Egg  of  a  Mite  and  that  of  an  OJlrich. 

Suppofe  the  length  of  an  Oftrich’s  Egg  be 
5  Inches  (and  fome  are  larger)  ^  alfo  let  the 
Length  of  the  Egg  of  a  Mite  be  T4  of  an  Inch, 
and  fome  are  lets  than  that  •,  then  the  Lengths  of 
thefe  two  Eggs  will  be  to  each  other  as  5  to 
or  250  to  1  *,  then  as  they  are  fimilar  Bodies, 
their  Magnitudes  will  be  as  the  Cubes  of  thefe 
Numbers,  viz.  as  15655000  to  1  ;  that  is  in 
Words,  One  Egg  of  an  Oft  rich  is  equal  to  15 
Million  655  Ihoufiand  Eggs  of  a  Mite .  And 
there  is  great  Reafon  to  believe,  that  there  are 
Eggs  of  other  Animalcule  in  a  ftill  greater  De¬ 
gree  lefs  than  thofe  of  a  Mite/  Indeed  the 
greateft  ftretch  of  the  human  Mind  is  infinitely 
infufficient  to  explore  the  amazing  and  incon¬ 
ceivable  Gradations  of  Miniature  in  every  Part 
of  Nature,  even  at  their  very  Commencement, 
and  nothing  but  the  all-piercing  Eye  of  bound- 
Jefs  Intelligence  can  fee  through  a  Series  of 
fuch  infinitely  decreafing  Progreflions. 
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P hilofophical  Inflruments . 

ARGE  Orreries  from  40/.  to  — 
Cometarium  - -  - 


dians,  &c. 


Ditto,  in  Wainfcot  Frames 
1 7  Inches,  ditto  - — 


i  2  Inches,,  ditto  - — -  — — — — - 

9  Inches,  ditto  - - - —  — - — - 

3  Inches,  ditto  in  a  Cafe  — ■ - — — - 

A  large  Handing  Air-pump  — - — 

Apparatus  to  ditto,  from  3/.  3/.  to  — — 

Davenport’s  Table  Air-pump,  exclufive  of  Appa¬ 
ratus  —  — -  — 

Single  barrell'd  Air-pump  - — - 

Apparatus  to  ditto  -  — — - 


Box,  &c.  from  5/,  5*.  to 
Bell  Sort  of  Barometer 
Farenheit’s  Thermometer 
Pocket  ditto  - — 


Hydroftatie  Balance,  Apparatus,  &c.  — • 

Fountain  in  Copper,  with  Apparatus,  from  3/.  p. 
Small  Brafs  Syrihge,  with  Glafies  for  Cupping 

Ditto  - - — <  -  - - 

Hydrometers  in  Ivory  -  — 

Speaking  Trumpets,  from  icr.  6d.  to  — - 
Flearing  Trumpets,  from  7;.  6 d.  to  — • 


Optical  Inflruments. 

A  Four-Foot  Refledtor,  Mahogany  Tube 


A  Three-Foot  reflecting  Telefcope,  mounted  on  a 

Brafs  Foot,  with  Rack-Work  - - — • 

A  Two-Foot  Refledtor  — •  — — 

Ditto,  with.  Rack  Work  from  14/.  14;,  to  — 
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Ditto,  1 8  Inches 
Ditto,  12  Inches 
Ditto,  6  Inches 


Prices  with  4,  <j,  or  6  Glaffes. 

A  large  Parlour  Compound  Microfcope 
Ditto*  Brafs 


Solar  Microfcope  in  Brafs,  of  the  latefl  Improve¬ 
ments  -  — - - 

Wilfon’s  Microfcope,  and  Apparatus  — - 

Ditto,  fmall  ——  -  — — 

Dr.  Liburkun’s  Opake  Microfcope  — - 
Ditto  -  - — — 


Cloth  Microfcopes  - -  - 

Diagonal  Machines  for  viewing  Prints 
Ditto,  on  a  Mahogany  Foot  — 

A  large  Book  Camera  Obfcura 
Ditto  Common  - *  — 


Scioptric  Ball  and  Socket,  in  Wood  * - 

An  Artificial  Eye,  in  Brafs  - - 

Opera  Glaffes,  from  5*  to  — -  — 

Magic  Lanthorn,  exclufive  of  Obje&s  — 
Mirrors,  Convex  or  Concave,  of  all  Sizes,  hung 

in  Frames,  from  1 2s.  6d.  to  - - - 

Prifms,  from  qr.  to  — — - 

Reading  Glaffes,  from  2 s,  6d.  to  - - — 

An  Aquatic  Microfcope  -  — — 

A  Set  of  Six  Anamorphofesy  or  deformed  Pi6tui 
rectified  by  a  refle&ing  polifhed.  Cylinder 

Mathematical  Injlruments. 


Theodolites  from  61.  16/.  6d.  to 

Plain  Table  . . . 

Gunter’s  Chain  - - 


Hadley’s  Quadrant,  with  Diagonal  Diviflons 

Ditto,  with  a  Nonius  Ivory  Limb  * — - — - 

Ditto,  1 S  Inches,  all  in  Brafs  - 

Ditto,  1 2  Inches  -  . . 

Davis’s  Quadrant  — — — 

Sutton’s  Quadrant  —>  — 

Cafes  oflnflruments  for  Drawing,  in  Wood,  Brafs, 

Ivory,  or  Silver,  from  izs.  td.  to  - - 

Proportional  Compaffes  —  — — 

Dittp,  fmaller  — —  — — 

Horizontal  Dials,  from  10/.  6d.  to 
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Azimuth  Compares  —  «*-i 

Pocket  Compares,  from  5 s.  to  - 

Ring  Dials,  from  ys.  6d.  to  «-» — — » 

Protradtors,  from  2  s.  6d .  to  - - 

Parallel  Rules,  Guaging  Rules,  Gunter’s  Scales, 
and  all  other  Kinds  of  Rulers  at  the  ufual  Prices. 
Beft  Black  Lead  Pencils. 


/. 

5 

1 

21 


5 


o 

o 


Inftruments  invented  or  improved  by  B.  Martin. 


a 


New  Manuel  Orrery 
Ditto  with  Wheel-work 


2  12 

8  8 

Planetarium,  fhewing  the  Phamomena  of  the  Pto¬ 
lemaic  and  Copernican  Syftems,  from  5/.  5/.  to  22  l 
A  new  Portable  Air-Pump,  excluiive  of  any  Ap¬ 
paratus  —  -  -  6 

Ditto,  with  a  Clamp  -  - -  6 

Ditto,  fmaller  —  —  4 

Ditto,  with  a  Clamp  —  —  4 

Barometer,  Thermometer,  and  Hydrometer,  all 
in  one  Frame 

Hydroftatic  Balance,  from  15/.  to 


2 

2 


6 

16 

4 

H 

12 

12 


A  new  and  moll  accurate  Hydrometer  for  proving 

of  Spirits,  in  a  Mahogany  Box  * - - 

Hadley’s  Quadrant  of  a  new  Conftrudtion,  for 
making  it  ufeful  by  Land  as  well  as  at  S^a,  by 
Means  of  an  artificial  Horizon  — - 

A  new  Navigation  Rule  — - - - 

A  Dialling  Sedtor  — —  - - 

A  Marine  Plain  Table  — . ■ > 

A  new  Protractor,  for  fetting  off  angles,  to  a  Mi¬ 
nute,  with  a  Nonius  —  —  2 

Portable  Eledtrical  Machines,  from  3/.  13J.  6d.  to  5 
A  New  univerfal  Compound  Microfcope,  all  in 
Brafs,  Shagreen  Cafe  • —  —  5 

A  Pocket  Compound  Microfcope  —  1 

Ditto,  all  Brafs  -  * - —  2 


8 

o 

o 

1 


18 

4 

5 

1 1 


5 

1 

1 2 


5 

16 


10 


o 

o 

o 


o 


o 

o 

6 

6 

o 

o 


Solar  Microfcope,  in  Brafs  and  Wood  - - - -  2  12 

Megalafcope  for  magnifying  large  Objedts,  adapt¬ 
ed  to  the  Solar  Microfcope  — - - —  1 

A  new  proportional  Camera  Obfcura  — —  1 

An  Univerfal  Perfpedtive,  or  new  Conftrudlion  of 
a  Refledling  Telefcope ,  for  viewing  every  Sort  of 

Cbjedf,  from  5/.  5/.  to  - -  10 

A  complete  Apparatus  of  Optical  Inftruments  in 
Brafs,  confiding  of  a  new  univerfal  Compound 

Microfcope, 
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Microfcope,  a  Solar  Microfcope  of  the  lateft 
Improvements,  a  fmall  Reflecting  Telefcope. 

The  Stand  of  the  Compound  Microfcope  is 
adapted  alfo  as  a  Reft  for  the  Telefcope.  The 
whole  is  furnifhed  with  every  Thing  neceftary 
for  the  niceft  Obfervations  with  the  Microfcope  12  12  o 
A  portable  Optical  Apparatus,  confiding  of  a 
Scioptric  Ball  and  Socket,  a  Solar  Microfcope, 

Wilforis  Microfcope,  a  Pocket  Compound  Mi¬ 
crofcope,  a  Pocket  Telefcope,  and  Solar  Te¬ 
lefcope  in  fpotted  Fifti-lkin  and  Brafs  -  3  13  6 

Vifual  Glaftes  or  Spectacles  of  a  new  Conftruction, 

beft  Sort  in  Temple  Frames  — - —  056 

Nofe  Vifual  Glaftes  — -  02  6 

Ditto,  with  the  beft  Pebbles,  in  Temple  Frames  o  16  o 

N<  B.  Good  Allowance  will  be  made  to  Merchants  and 
others  who  fell  again,  as  he  deals  for  ready  Money. 

A  Catalogue  of  BOOKS  wrote  and  fold  by  the  Au¬ 
thor,  B.  Martin,  at  his  Shop  in  Flect-ftreet, 

PHilofophical  Gammar,  fixth  Editon,  6s. 

Young  Student’s  Memorial  Book,  3s. 

Elements  of  all  Geometry,  6s. 

The  Young  Trigonometer’s  Guide,  2  Vol.  103. 

A  New  Syftem  of  Optics,  6s. 

ATreatifeof  Logarithms,  6s. 

A  Treatife  of  Decimal  Arithmetic,  6s. 

Philological  Library,  6s. 

Philofophia  Britannica,  fecond  Edition,  3  Vol.  18s. 
Appendix  to  ditto,  2s.  6d. 

New  Englifh  Dictionary,  fecond  Edition,  6s. 
Spelling-Book  of  Arts  and  Sciences  for  the  Ufe  of  Schools* 

2S. 

Phyfico-Grammatical  Eflay  on  Language,  2s. 

New  Principles  of  Geography  and  Navigation,  10s.  6d. 
Theory  of  Comets,  2s.  6d. 

New  Elements  of  Optics,  3s. 

Familiar  Introduction  to  Experimental  Philofophy,  js.  6cL 
Panegyric  on  the  Newtonian  Philofophy,  is. 

Treatife  of  Eclipfes,  is.  6d, 

Theory  of  Hadley’s  Quadrant,  is.  6d. 

General  Magazine  of  Arts  and  Sciences,  13V0IS.  bound, 
3 1,  1 8s. 


PRINTS, 
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PRINTS. 

OYnopfls  of  Coeleftial  Science,  3s. 

O  Wonders  of  the  Cometary  World  difplayed,  2s.  6di 
The  Orbit  of  the  Comet  of  1682  and  1759,  is.  6d.  ‘ 

New  Map  of  the  World,  is.  6d. 

Map  of  460  Miles  round  London,  6d. 

Ditto,  20  Miles  round  London ,  6d. 

Geographical  Fire-Screens,  from  3s.  6d.  to  5s.  6d. 

The  Tranfit  of  Venus  over  the  Face  of  the  Sun,  as  it  ap¬ 
peared  Ju7ie  5,  1761. 


Ah  B.  Whereas  the  J  envs.  Pedlars ,  &c.  in  all  Parts  of 
England ,  fell  Vifual  GlaJJes  with  the  Initials  of  my  Name, 
B.  M.  upon  them,  and  pretend  on  that  Account  that  they 
are  of  my  Make,  and  were  bought  of  me,  I  thought  it 
necelfary  to  undeceive  the  Public  by  affuring  them,  that  I 
never  fold  any  to  thofe  who  hawke  Goods  about  the  Coun¬ 
try,  they  dealing  in  a  Sort  of  Glafs  too  bad  for  any  but 
themfelves  to  recommend,  or  for  any  one  to  buy  who 
knows  any  Thing  of  Optical  Glafs,  or  has  more  Regard 
to  the  Safety  of  his  Eyes,  and  the  Prefervation  of  his  Sight* 
than  to  the  faving  of  his  money. 
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